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AUCTION BLOWOUT! 


Over 2,000 Items on Ebay! Many from Distressed or Bankrupt Dot-Coms! 


24GB Ultra SCSI DAT Tape Drives Cisco Routers and Hubs 
No Minimum Bids! Bids Start at $50 


dh tt 


NPN Nay 


Sun Workstations and File Servers 15,000 RPM Ultra 160 Hard Drives 
No Minimum Bids! $10 Minimum Bid 


Disk drives cost too much. Take advantage of dot-com closeouts and bankruptcies. We're 
liquidating thousands of PCs, hard drives, and accessories. Visit www.scsidrives.com and name your 
own price! Join our mailing list for advance notice when special sale items arrive! 


CORPORATE SYSTEMS CENTER 


3310 Woodward Avenue, Santa Clara, CA 95054 (408) 588-1110 
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Satellite Dish 
for Tinkering! 


@ Sony SAN-1602 OSS dish, at a super pacal 
© =Partect lor add-on A backup or storm damage 
repaint! Note, tune: sot included! 
@ Disn measures 18.5" x 21° 
@ HAMS! put on your own LNB and ga! 
on 10GHzt. great for club proyect, 
link syatems} 
| @ LNB specs - input 12.2- 


‘asnion Wiouse! 


@ = Otoria ‘Lane 3D Nel transtucent color mousal 

= Twa-bullon design. includes 
thumb button, scroll wheel 

@ Divvar dish has features 
contol panel 

@ PS connector 4 

% Available in chery, orange and grapa caiorl 

@ New, 90-day warranty 

HSC418829, 18830, 18831 $9.50 


Serving 
Silicon Valley 
since 19641 


Electronic 
ee = SUDDIY a 


brings you a potpourri of high-tech goodies for the techno-tinkerer! 
For thirty years we have been your source for Silicon Valley exotica! 


12.7GHz, Output 950- 
1450MH2 = 


Computer Cases! Disk Drive Deals! Laugh at Blackouts! ® Twin F connectors aupute 
@ Seagate ST19171WC, # 1GB Ullra-SCSI Wide ASAZ @ ‘Yuasa NPX-150R sealed lead acid bafiery | * pie pias ’ 7 


@ Hah Quality md-lower ATX capinel 
@ Three 5 25" 8 wo 2.5" bays 3.5" 29, hall-noight (1.5 tal] Bea ore eee aoe onary tor LHCP, 30W max.) = 
@ Stanaars ATX power supply bay Spindle speed 7200 RPM  Nenwnal Capacity 10 ne fale ol 4 OA a 10 SN a © Complete, wth LNB. aa wT 
@  Speciai -. puy vin HSCe 18665 200W power supply © Avarage Access (readwrie). 9.7-10.7 mS @ Weight (approx): 34 2 pounds (15.5 kgs.) mounting hardware, new units in ongeal baves! 
fot $29.95 for Ihe pas! @ Speclall. uy thie drive S0-pin (6SCA23700) @ Excellent condbon pulls, 90-day HSC warranty Note. does not include service subscrption for 
Son in igsta avon) naira: ta eek cd1 ena feplacement ar experimenting only! 
@ wen ingtatavion manual, cable guides, mounting 


© D0-aay HSC warranty 


i 


hatdwaie, cabla weather boots, 9-day warranty 


4 $20 «30 value! 


HSC#18753 $89.00 


HSC#18917 


@ Seagate Full-Height §.25" SCSI Disk Drives 


@ Moca! ST 410800N Elle 9 - 10 GB Capacity 
© 5400 rpm, Seek ne: 11 ms 
@ Used, tested good 

@ Standard 50-pin connector 
@ 30-day HSC warranty 


EASY NETWORK! Variable Transformers! 


@ Ona ol the mos! useful Instruments on your bench! 
Multl-PC Web Access... @ always wartedono. bulwore sirad 
Perfect for the home or you couldnt attord 17 »_“ 
@ Modal AEEC-590VAR 


small business! 


HSC# 18663 $19.95 


% High-qualty aT-ctyle coskiop computor case 
@ Mode tor Mictonics -» not a chea| 
o ip bree HSC# 18636 $29.95 —~. 

@ Two 3.8" & Thiee 5 25" bays. rails inciuced / SAVE N, : 0+ 120 WAC cupur.500 VA my Pry 
# Tovos ctandara mintiawer suppl z Meaaikes 6.52 argay 2 
€ Special Buy win MSCHIESS,  1SOW AT powor ARI @ Seagate STISISON 43GB “Barracuda” SCSI MONEY! fae @ Features meer, sluminaied gy A 

surply lar $1695 lor the pail P © 7.200 APM, £.0°9 0 ms avg. seek uma Upto4 ° switch, ine card, {use < ZF 
© Diond new, Soday waranty # 21 Hos, 11 Disks, 3.711 Cy! peo 4 New in bax, mace in China ; aa 


@ Standara So-pin SCSI 
© 357 suo, nat-nesght (1.57 tail) 
@ Returns, 90-day warranty 
HSC# 18412 


FE aa 
| HSC#80478 = New Price! $45.00 


Fi 


' cy 18633 $14.95 
‘ Watt ATX Power supply (il purcnased separalety) 
+ ow 19665 $17.50 


20 Walt AT Power supply (i! purchased separalely 


C# 18351 $14.95 


ine intemety i 


Network solution for homes/smali business 
Share printers, send tases, backup:tiles 

@ Proxy torver for mutt-PC Interna! access! 

© Only ona prone Ine needed tor ISP connect 

@ Inclucas 4-pon huDS6K modem & 1 network card 
© If yau wan! more than two PC's networked, you wil 
ead mara natwark e2/08 (tea bolow) 

50 II network cable, drver/installation manual CD 
* 

Hi 


@ Mocel AEEC-2090VR 
@ 120 VAC 60 Hz input qQ 

@ 0-120 VAC output, 2 KVA ow 
@ Measwes 8 x 10" x 9.5" tall f 
@ Features males. illuminated =e 22) 


switch, hne cord, tuse = 
@ New in bax, made in China = zZ 


[re 
HSc#80461 Naw Price $95.00 


it's Back! Tablet PC! 


@ 486D%4-100 MHz CPU wimonochome LCD dspiay 
@ =BACKB + 7169KB extended ram, louchscrean dsplay 
@ = 260MB hard drive (bootable. na bysiem wil.) 
* 
e 


$59.95 


@ IBM Moce! No DCRA-22160 
Formatted capatiy, 2160 MB 

@ 3 Disks, 16 Heads, 4200 Cyt. 

© Seek tims (avgy: 12 mS. 4000 APM 
$ OEM packed ..90-oay warranty 
HSC# 18938 $49.95 


OEM package, new, 90-aay wartanty 


scwaoss9 $29.95 


@ > Fujtsu Model No MHF2043AT 

@ Fatmatie storage capacny. 4.320 MB ‘ 
@ 2 Disks, 4 Heads <= 4 
® Seek ume (avg): 13 mS, 4200 APM Sy 
® OEM packed... 90-cay warranty 

HSC# 18939 $65.00 


] @ Extra network eard.add a third or fourth computer to 
| your Novaweb natwark.. its easy! 


@ ISA-bus card, sama as network card in above kil 


Handy Metal Case! 
HSC#18943 $4.95 


Steal box wih ringed lid, hundieds at uses! 
Twa stuidy spring-loatiog handles, over-cenier tateh 
Foam pads inside tor cushioned pro‘ecton 

Monsures 10° x 13° x 13" nigh. and d's siackablet 
Blue textured binish 


SenayParallevKeyboard (FS/2) parts, pen included 
Used, tesled good, includes AC Adapter 


# Ordo you want jus! Ina modervhub card? 

© Great t you already have ethernet cards! 

© Novawap 56K V.90 mocem w/4-pentnuD Bulltin 
 ISA-bus card from above kt, avallable secaratety 


HSC#18942 $17.50 


SCS! Adapters for PC's 


@ Into INI-1O0AS mgh-panormance PCI nasi 
adapier 

‘Supports 32-bit aaa wansters up 10 13IMEVser, 
JOMEYsec, sync lransters 

@ PNF compatie, includes manual & driver disk 

© =PCI21 comolant, autoteimnauen an board 

@ =Compaudla win CO & CD-As, ophcal & tape drives, 

scanners, ‘Zp & (Jaz divas, NON-bootabie 


“SC #18667 


Speaker Specials! 


@ ‘Addonics’ nigh penormance spaakers 
© Wide range S-wati rated speakersi 

@ Etticient bass pon design lor extra low and reponse 
@ Separate Bass and Treble conttola, JO" Swilenl 

@ Power supply incited 

© New, OEM package, 90-day waranty 


HSC#18662 $14.95 


..or Tablet PC Combo! 


Tiny Color Camera! 


thick 


@ Camera-On-a Beara, maasures 187" x 1.3" x 

@ Giass mcto-ens element nal pinnale 

@ Sid NTSC composite vdeo oulgul 

(250 Lnos honz. tas, 7 lus sens twitypey 

@ 4. SDC. onty 150 MAI SAAR be 
ballenias wouNd power it for aver six nauts! 

® New. in OEM pkg (no box}, 90-day warranty 

@ Special! Buy to Jor $79.95 af 10 for $450' 


HSC#18209 New-lower price! $45.00 


486DX4 Motherboard: 


@ For 4868S X/DX/OX2 and DX4 CPUs 
@ ©128KB ram on doatd, axpananbie to 512KB 


6X DVD /40X CD Drive! 


4 Walch movies on your computer! 
® Hitatani Mocel No. GD-1000 

@ internal OVD-CO 6X/40X -- ATAPI IDE Intertace 
@ DrveCampaupie Sin Genaranon 

© Brand new uns, OEM packed, 90-day warranty 


Fyjiisu Stylus 1000" labial PG. keyboard 


HSGa 18662 
‘and Microsoll mousa package! 


HSCs 18662 
@ “Sound Blaster Macel - CS200 


4 Dee eau SGatenacon, ae @ 3D Stereo enhancement.10 war's total power @ Mono VGA display, 260MB nara ame 
4 DIN wyod conn, 4-72-pin SIMM skis, @ Separate Bass, Treble and Volume contrels © = Super-slim keyboaid for easy handling! 
On-board IDE controller & conn @ Tuned pont design tor wie range response @ © Puted trem service, soma scratchas 
© Manual, driver deketto inet © Power supply 4 cables Included @ No docs/manuavsoftware or divers! Note._Na.nen! 
© New. 90-day waranty @ 30-day warranty! 
HSC#18771 $12.50 HSsc#a0604 $99.00 


HSC#16893 


ISC#18529 


gu ited Electronic 
specizities ca. 
— Supply ©) 


Toil Free (Ordors Only) 1-800-4 HALTED = (1-800-442-5833) 
World Wide Web: Altp://www.halted.com 
4500 Aydar St., Santa Clara, CA 95051 (408) 732-1573 “on 


4837 Ambor Ln., Sacramento, CA 95841 (916) 338-2545 FAX your ordats to: — 
5681 Redwood Dr., Rohnert Park, CA 94928 (707) 585-7344 (408) 792-6428 ET 


Now...Shop Online! | Weekly Web Specials! 


# We have added a secure shopping feature to cur site! | @ & naw section has been added to our wat page! 

% Simply point your browser lo Atp/www.hatedcom | @ Simply go to www halled.com and click the top burinn! 
@ Now you can use a cred card online, at a secure aitel | @ itema trom our ads, as well as non-advemsed items 

Or, you can email yaur orders 10 salea@halted.com | @ Also, you can dowmload cur catalog as Adobe POF Iles 
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approv ides j 
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Master Unit 22-320 with backlit display Pricing does not include any taxes. 
includes 20MSa/s Dual Channel Oscilloscope Module 22-321, i i ist i 

2 Signal 1:1/10:1 Probes, MS-Windows95/98/NT compatible Software, PC RS232 Serial fermore infarmation visit our web site 
Interface Cable, AC Adapter, Protective Rubber Boot and Manual in English/Frenchf www.wittigtechnologies.com 
Spanish/italian or German available. Shipped in a suitable hardshell carrying case for 

US$ 398.00, stock available. Developed by Wittlg Technologies AG 


100 MSa/s Dual Channel Oscilloscope Module 22-331 (option), Sales (516) 794 4080 or Toll-Free (800) 247 1241 
Fax (516) 794 1855 


2 Signal 1:1/10:1 Probes, PC-Software and Manual for US$ 599.00, available August 2001. : 
sales@wittigtechnalagies.com 


Dual channel 2GHz Frequency Counter Module 22-323 (option) Technical Support available by e-mail or fax, only. 
features isolated channels, external and internal triggering, 9 Digits, Temperature- support@wittlgtechnolagies.com 
Compensated Time Base 10°%, statistic analysis, includes Manual, MS-Windows95/96/NT All trademarks belong to their respective owners. 


compatible Software. Available October 2001 for US$ 298.00 


Logic Analyzer Module 22-322 (option) 


features 16 channel, 40 MSa/s, various external and internal triggering. 32Kb/channel, 5 : 
16 bit event counter, includes dis-assembler for 8051 and Z80 (more in preparation), @ Witt g Techno ogies 


signal cable, Manual and MS-Windows95/98/NT compatible Software. Available Ran 7 
September 2001 for US$ 349.00 www.wittigtechnologies.com 
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T) Byers 

Motors! Need a moror controller? Got'em. Stepper 
motor overview. Putting motors and batteries to work 
in robots, And a full discussion of the batteries that 
power them. Finally, we revisit Ben Franklin and the cur- 
rent flow controversy. 


LASER INSIGHT NEW COLUMN! 

, \ 58 Stanley York 

| aceite Take a look at general optical principles, 
mirror coatings, and how lenses work. Plus, 


pay 
learn how to improve the quality of a laser 
Dounre seas) Double conven | beam. 
a 
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Jon Williams 

Control From The Couch. 

Build a framework for 1R remote control 
applications and never leave your sofa again. 
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MICROSOFT ULTIMATETV 8 Ed Driscoll 7 
What exactly is Ultimate TV and is it really the “ultimate” in | (7) 
set-top boxes? Read on... 7 


HAMS (THE RADIO TYPE) 
IN HOG HEAVEN 16 
Gordon West 

In these last 15 months after restructuring, ham opera- 
tors are in agreement that the hobby is getring back on 
track with some positive growth figures. 


GETTING STARTED 

WITH THE AVR 43 

James Cart 

If you want to try your hand at microcontroller 

programming, the Aumel AVR is a powerful and easy micro to start with. 
The abundance of low-cost toals makes the AVR a good choice for home 
project builders. 


BUILD YOUR OWN MODEL 

TRAIN VOICE RECOGNITION 

CONTROL SYSTEM 51 

Dennis Shepard 

All aboard for an exciting addition to your model 
train project! Use voice control for added realism. 


OP-AMP COOKBOOK — PART 2: 

OP-AMP BASICS 63 Ray Marston 
Check aut some practical op-amp amplifier and active 
filter circuits this month. 


ONE-BUTTON ELECTRONIC 

SECURITY LOCK 70 Tim Hamel 
Lose a house key lately? Do you fumble through a large ring 
of keys to unlock the basement door? This simple push-but- 


tan security lock solves these problems — and several 
more. 


{ a 

“Ss 
SIMPLE PRINTED CIRCUIT BOARDS 
USING AN INKJET PRINTER 74 
Kerry Barlow 
Using the outline provided here, you can use a 
common inkjet printer, ar even an old ribbon 
Printer, to output the artwork for your printed 
circuit boards. 


. 
BUILD THE TWEAK-O! 87 Steve Daniels 
If you're a musician who's considered buitding your own 
stomp box, but need an “entry-level” design, then nine into | 
this project. 
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Tech Knoivledgey 


Events, Advances, and News 
From the Electronics World. ae Oo 


Advanced Technologies 
Transistor Achieves 210 GHz Switching 


men claims to have built the world’s fastest silicon transistor, based on silicon 
germanium (SiGe) technology. The device is sald to reach switching speeds 
of 210 GHz while drawing only | mA of current. This represents an 80 percent 
speed increase, and a 50 percent reduction in current usage, as compared to 
Current designs. This is particularly Interesting, because it was once believed 
that 200 GHz was the highest speed achievable in silicon. 

In general, higher speeds are achieved in transistors by shortening the path 
of the electrical flow through them. In standard silicon materials, the flow Is In 
the harizanal direction. and shortening the path is relatively difficult. The new 
IBM device, called a heterojunction bipolar transistor, conducts electricity ver- 
teally. 
Because It is 
much easler 
to thin the 
SiGe materi- 
al height, 
thinning the 
SiGe layer 
results In 
significant 
performance 
imprave- 
ments. 
Because 
transistors 
are the basic 
building 
blocks of 
semicanduc- 


tor chips, 

IBM has achieved improved transistor performance this devel- 
by thinning the SiGe layer, effectively shortening the al 4 
electrical path. Countesy) of ieee Business rere as 
Machines Corporation. els of per- 

formance 


in a variety of devices. SiGe chips can be built on existing manufacturing lines, 
which will allow the technology to be commercialized very quickly and at mini- 
mal cost. IBM predicts 100-GHz chips within the next cwo years. 


Circuit Boards May Heal Themselves 


Mihe US Air Force Office of Scientific 
| @ Research is funding development of a 

new plastic resin formulation that auto- 
matically heals cracks caused by stress, 
corrosion, and aging. The material — 
belng developed at the University of 
lilinois at Urbana-Champaign 
(www.uluc.edu/) with additional sup- 
part from the University of Iliinols 
Critical Research Institure — could 
extend the lifetime of printed circuit 
boards, where microcracks can lead to 
mechanical and electrical fallures, as well 
as composite aircraft structures and 
other aerospace compositions. 

Inspired by biological systems In 
which damage triggers a healing response, the new material contalns microcap- 
ules of repair material. When a structure begins to crack, the microcapsules 
upture and release the healing agent into the damaged region via capillary 
cuon. Aa the agent contacts an embedded catalyst, the crack Is closed through 
polymerimtn process. Although a commercially viable product is probably 
ve to 10 years away, preliminary resules are highly promising. 
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Scanning electron 
microscope image of fracture 


surface. Courtesy of 


University of tllinois. 


by Jeff Eckert 
Computers and Networking 


Computers and Video Cameras 
Perform Street Surveillance 


pects complaints from the American Civil Liberties Union and other pri- 
vacy advocates, the city of Tampa, FL, has installed a system of CCTV cam- 
eras, computers, and face-recognition software that scans the faces of people 
who pass by, automatically comparing them to a database of approximately 
30,000 criminal facial Images stored in police databases. The installation is part 
of a $45 millian revitalization project for Ybor City, the historic Cuban section 
of Tampa that Is renowned for its restaurants, cigar factories, and spirited night 
life. The system Js a product of Visionics Corp. (wwevisionics.com) and 
its partner, Advanced Biometric Imaging LILC., which pravides the Facelt/& 
Image recognition program. Thirty-six cameras have been installed in strategic 
locations. 

The authorities have assured the public char if a collected image does not 
match one of those in the criminal database. it is immediately discarded. This 
has not satisfled privacy advocates, however, who liken it to the famed George 
Orwell novel, 1984. "This Is Big Brother actually implemented,” said Jack 
Walters of the Tampa chapter of the American Civil Liberties Union. "I think 
this just opens the door to it being everywhere.” 

A similar system was used during the 200] Super Bowl X2CXV last January 
in Raymond James Stadium. During the game, it identified 19 people with out- 
standing arrest warrants, but all were for minor offenses, and no arrests were 
made. Even so, the concept Is popular with law enforcement agencies and 
many politicians, so don't be surprised if it soon appears in your own hame 
town. In addition to Ybor Clty, the technology is the underlying face recogni- 
tlon engine for CCTV operations In Iceland's Keflavik Airport and the UK's 
Newham Borough of London and Birmingham City Center. It is also used to 
enable mugshot/booklng systems throughout the US, in casino applications, and 
in combating "hooliganism" in sporting events overseas. Now you have one 


more reason to wear a bag over your head. 


Compaq Dumps Alpha Processor 


k 1998, It was the future of Compaq’s server product line. In 2001, it's head- 
ed for the dumpster of microprocessor technology, as Compaq 
Computer Corp. (www.compag.cam) prepares ta phase out its 64-bit 
Alpha processor and substitute Intel's Itanium™ family in its server produce 
line. In a multi-year deal that was announced /ate in June, Compaq will transfer 
key enterprise processor technology to Intel and consolidate its entire 64-bit 
server line on the Itanium architecture no later than 2004. During the transi- 
tion, Compaq will continue development of one more Alpha pracessar, the 
EV7, and adventurous customers will be able to buy Alpha-based servers 
through 2003. 

As the migration to Intel products progresses, Compaq's microprocessor 
engineers, compiler experts, and other related employees will be offered jobs 
with Intel. The company Is also transferring signifieant Alpha microprocessor 
and compiler technology, tools, and resources to Intel, and it will immediately 
begin to port Trué4 UNIX, OpenVMS, and NonStop Kernel Operating systems 
and development tools to the Itanium processor family. 

According to a press release, "In one bold stroke, Compaq is extending its 
10 years of leadership In 64-bit computing for the next decade and beyand." 
(This Is similar co the bold stroke Napolean took when he jeft Moscow In 


1812) 


Circuits and Devices 
Tube Amplifier Employs Digital Preprocessing 


GCG" amplifiers tend to be of two varletles: old-fashioned tube-type 2nd 
solid-state, Tube amps have the warm tone that musicians value, and YOU 
can overdrive the input without generating smoke. However, they are not par- 
deularly versatile In terms of sound output. But a new design from Fender, 
appearing In the form of the CyberTwin amplifier, maintains Its analog output 
but employs digital signal processing between the Instrument and the tube pre- 
amplifier. The resule is an amp that offers a rango of preset and user-config- 
urable output settings that cannot be produced by conventional tube amps, 


Events, Advances, and News From the Electronics World 


and yet generates 
amplification via 
two standard 
12AX7 vacuum 
tubes. It offers 205 presets, including 85 rewricable. Players alsa can choose 
among 28 effects, 11 reverb types, and various other features. Output is 65 W 
driving win 12-inch Celestion speakers. Fender claims that the Cyber Twin will 
"change the way guitar players think about amplification from now on.” For 
more information, visit www.fender.comicyber!. 


Fender's CyberTwin amplifier mixes DSP with 
tube amplification. Courtesy of Fender Musical 
Instruments Corp. 


Low-Cost Infrared Thermometer 


ling into the cat- 

egory of “things 
you may not need but 
can afford ta buy for 
fun" is the OS540 
noncontace infrared 
thermometer fram 
Omega 
Engineering 
(www.omega.cam). 
Jt is a portable instru- 
ment that is designed 
for electrical and elec- 
tronic applications, 
automotive mainte- 
nance, screen printing 
(ta measure ink and 
dryer temperatures), 
in-process tempera- 
ture measurement, 


Grape lnerace With Touch Seren 
ali gic 


eTcico GTc200 GTc300 GIci0! GTcédn 

128x564 LED (256x128 CCF 320240 CCF 3201240 LED #400200 CCF 
Graphic display 
Touch screen (optional) or 12x12 input matrix 
Serial communication (RS-232C, Interface 
Eprom or Flash for es naan Easy Opera nection 
Only +5VDC power required (or 9-26VDC) sheough serial 
Includes graphic controller board ¥ (ox 
Easy to use development software 
Powerful friendly instruction interpreter 
Create screens by PC paintbrush 
Holds 100's of “canned” graphic screens 
Simple to place touch buttons software 2001 S. Blus Island Avo. 
Easy interface with PC/104, 8051, 68HC11, PIG fRhone 312-243-4700 
Embedded Computer Controller Also Available|mitorsonizmicueeanecg 


Circle 835 on tho Reader Sarvico Card. 


The O8540 infrared 

. thermometer. 

Courtesy of Omega 
Engineering. 


aN 
Pricad From 
$140 wiTouen 


ech 
Engineering fo. 
2001 S. Blue Island 


ete. The hand-held device offers laser sighting with a circle or dot for accu- 
rate measurement Its operating range is -20 ta +420C (0 to 788F), with 
resolution of |C/IF Response time is 500 ms.and accuracy is rated at +3 
percent. Best of all, it's only $85.00 list. 


industry and the Profession 
Research Group Funded for 
X-Ray Crystallography Project 


Cornell University-led research group comprising 25 facutry members 
m six institutions has been awarded a $19.6 million. five-year grant 

by the National Institutes of Health to build a structural biology research 
facility at Argonne National Laboratory's Advanced Photon Source (APS, 
www.aps.anl.gov/aps.php). The amount of the first year's grant is $4.6 
million. The scientists believe that the results of their research will have an 
important impact on human health care, pharmaceutical develapment, and 
biotechnology. Fhe goal is to apply the techniques of x-ray crystallography 
(a process that involves firing a beam of x-rays through a crystallized pro- 
tein sample to determine its structure) to the causes and treatments of 
human disease, including cancers and diseases of the immune system. Areas 
that will be investigated include cell-cycle regulation, DNA transcription, ini- 
tiation and regulation, the structure and function of viruses and enzymes, 
and protein folding. 

The research group is called the Northeastern Collaborative Access 
Team (NE-CAT) and consists of faculty from Cornell, Columbia University, 
Harvard University, Memoria! Sloan-Kettering Cancer Center, Rockefeller 
University, and Yale University. The APS is a third-generation particle storage 
ring built by the Department of Energy at a cost of nearty $1 billion and is 
one of the mast powerful x-ray sources in the world. The NE-CAT facility is 
just one of 34 being developed at APS through scientific collaborations and 
one of only a handful to focus on biological research. In addition to the NIH 
funding, the NE-CAT project also will receive $6.6 million fram member 
institutions and $1.5 million from the APS. NW 


HSC 


2 Prizes: 
Check out their ad 
on page 3!! 


Camera-on-a-board, measures 
1.87" x 1.3" x 1" thick! 
Retail Value $45.00 


Model #AEEC-1890 
DMM with extras! 
Retail Value $39.95 


CHRIS ELROD of Tecca, GA 
CHARLES PETERSON of Bestoa, MA 
RICHARD IVES of W. Liberty, IN 


Tol fee OS an Oh eee ca cupoed in the ine of call our 
toll free order line at (800) 783-4624 with a or MasterCardif you do not 
wish to order a subscription, but would lke to be entered in our drawing, simply 
sead or email your name, address, and telephone number fo Auts & Vaks, 430 
Princeland Ct. Corona, CA 92879 ar drawing @nutsvolts.com. Na phone entries 
accepted. All arders/entries must be received by the last day af the month tn be 
included in that particular month's drawing, : 
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from Microsoft 


he annual Consumer Electronics Show 

(CES) in Las Vegas is always a zoo. 

Hundreds of thousands of people wan- 

der around the vast, cavernous, aircraft 

hangar-like rooms of the Las Vegas 
Convention Center in a fluorescent subwoofer 
surround sound hard-wired zombiefied daze, look- 
ing far the next killer app, the next grear electronic 
Product. or at least something new and out of the 
ordinary. 

Some years, they get lucky. But the consensus 
of many of them is that the 2001 CES was slim 
pickings and that the only standout product at this 
year's CES was Microsoft's UltimateTV set-top 
box. 


It's che Swiss army knife of set-top boxes, 
combining owo DirecTY satellite TV euners, WebTV 
Internet access, interactive TV, picture-in-picture, 
and a digital video recorder (DVR) inco one box. 

And that's a lot of stuff! But for any one of the 
nine million peapte who has a DirecTV satellite 
dish, it's a product that is long overdue. With 300 
or more channels of programming on 24 hours a 
day, there are bound to be shows on at inconven- 
ient Gmes or two favorite shows on at once. 


How Microsoft Got Into the Set-Top 
Box Business 


cepa is the end result of a joint venture 
involving Microsoft, DirecTV, Sany, and RCA. 
DirecTV supplies the programming, Sony and RCA 
both make the UltimateTV hardware and. of 
course, Microsoft provides the software. We tested 
RCA's version — the DWD490RE — but its Sony 
unit Counterpart is functionally identical. At 
$399.00 suggested retail, it's certainly cheaper than 


buying a Replay TV or TiVo and a WebTV Plus box, | 
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and it adds Web-based interactivity to DirecTV. 
Also, putting three units into one set-top box adds 
much more flexibility than using separate compo- 
nents, and frees up that many inputs on an A/V 
receiver. 

The unit cambines lessans learned from their 
set-top box for Dish Network, for whom 
Microsoft created a first generation DYR product, 
which Mark Mullen, the Senior Director of 
Brand/User Experience for Microsoft UltimateTV 
says "was really just a combination of WebTV and a 
DVR." "And there was significantly less integration 
between them. There was only one tuner. | believe 
the recording capacity was 12 hours of content” 
And yet, even with those shortcomings, Mullen 
believes this is the best selling DVR 
box aut there, with over a 150,000 
of them in Dish customers’ homes. 

And DVR is a very big upgrade 


over VCR. While most DirecTV set- 
top boxes allaw for easy program- 
ming of aVCR, tapes — even SYHS 
— aren't as sharp as the satellite's 
digital picture quality, and they wear 
out when taped over every day. 
Also, until now, a separate set-top box was 
required to tape one show when watching another. 
UltimateTV replaces all of that with the digital 
video recorder: a hard disk drive as VCR. 

Curiously, UltimateTV is nor the first DVR 
that's designed to work with DirecTV. That prod- 
uct would be the TiVo DirecTV receiver, which 
debuted last fall. Does DireeTV worry about hav- 
ing twa competing products available for users? 
Bob Marsocci, DirecTV's director of communica- 
tions, says it's just the opposite, and that the 
firm's goal is to offer their customers as many 
choices and options as possible. “If you laok at 
us, we're sort of like an aggregator of brands and 
services. 

Using HBO and Showtime as an example, 
these are two campeting premium movie services. 
But obviously, you can get one, you can get both, 
or you can choose obviously nat to subscribe to 
either of them, if you're a DireeTV customer. And 
we carry that philosophy over to the new prod- 
ucts and services that we've been rolling out since 
last fall.” 


VitimateT¥ 


by Ed Driscoll 


What's in the Box? 


the DWxD490RE records approximately 35 

hours on its hard drive. DirecTV is known for 
its sharp picture, especially when compared to its 
ghosty, noisy, downright lousy cable counterpart. 
With the DWD490RE, | couldn't tell the difference 
between the digital satellite picture, and a digically 
recorded picture. The disappointing feeling of 
watching inferiar videotape is quickly replace 
the feeling of watching a live TV show that can be 
paused, rewound, and then fast-forwarded! 

The DWD49ORE's remote control resembles 
the standard RCA DirecTV remote, but it includes 
a few extra buttons to operate the features that 
UltimateTV adds, One of the mast useful buttons 
is the one that allows for a 15-second Ee 
great to zap commercials on a recorded show. It 
has a companion button, which docs the reverse, 
but for recorded and live shows. Want to have 
your own instant replay of a touchdown? Miss a 
line of dialogue? Zap! — just rewind! 


Going Interactive 


Just as DirectTV has the TiVo!DireeTV box, which 
Jcompetes for DirecTV customers with 


UltimateTV in the DVR area, DirecTV also has wo 
tiers of Interactive service. Their baseline service, 
using technology by Wink Communications, is 
offered free to anybady with an entry-level Sony 
or RCA box equipped with the appropriate circuit- 
ry.Wink adds some simple interactivity to 

DirecTV, basically, information on demand. 

In contrast, the UltimateTV box allows for the 
much more extensive interactive capabilities of 
Microsoft's WebTY platform. "The entire NCAA 
baskethall tournament has been broadcast as an 
enhanced television program from CBS," Mullen 
says. Viewing the games on an UltimateTV box, 
“When the tournament was in full swing, | could 
look at the stats from any of the other games, 
whether they were the ones currently being 
broadcast or not | could get the player rosters, | 
could get the player bios.| could get the tourna- 
ment standings, which in the case of the NCAA 
tournament, as you know, includes whaever wan 
on the other side of the ladder. And you can get 
the up-to-the-minute, even up-to-the-second, news 
and information on the tournament, straight off 
that one screen, while you're watching one of the 
games in progress.” 

Mullen describes the experience as an “illus- 
tration of what interactive TV is today, and what it 
can be, as it moves forward. By the way, it does 
work if you record it, so that all of the interactive 


enhancements are included with the recarded pro- 


gramming, as well as the live.” 


The Monthly Fees 


f course, that digital recording and interactive 
TV doesn't came for free. Like everything 
offered by DirecTV, there's a cost. The monthly fee 
for UltimateTV is $9.95, which includes three 
hours of Internet access. (Microsoft assumes that 
most users of the box will not be using it as their 
primary Internet source, unlike users of WebTV) 
The same service with unlimited ‘Net access is 
$29.95, or $14.95, if an existing ISP account is 
used. Of course, this is in addition to an existing 
DirecT¥ monthly fee, which varies based an the 
packages of channels, and other options chosen. 
Besides three hours of Internet access, what 
do you get for that $9.95 that's added to your 
monthly DirecTY fee? Mullen says that the service 
“includes the live TV controls, digital video recard- 
ing (35 hours). all of the 14-day searchable pro- 
gram guide, interactive TV capabilicy, and three 
hours of Internet connect time, as well as six email 
accounts, and autamatic software upgrades.” 
Mullen says that the three hours a month of 
Internet service included in the $9.95 package was 
carefully chosen, because for "most of the people 
who buy UltimateTy, this is not going to be their 
primary point of Internet access." However. for 


those who want it, unlimited Internet access is 
available. 


Is Resistance Futile? 


A\ fill there be much resistance to UleimateTV's 
¥ fee arrangement? One very smart decision 

on Microsoft's part was to aim their product 
towards DirecTV users, rather than the larger 
poal of cable and over-the-air customers. DirecTV 
users are used to paying extra to get the exact tel- 
evision package that they want, whether it's the 
NFL Sunday Ticket Package. or a selection of fami- 
ly-oriented channels, or a selection of movie chan- 
nels, 

Mullen says, “we believe that there actually is 
value in this as a subscription, and that we will 
continue to add value, over time, the way that we 
have with che WebTV service, where there are 
upgrades and feature improvements and enhance- 
ments sent down two or three times a year. If you 
bought a WebTV box in 1994, you can be using the 
same box today, and it's doing way more stuff than 
it ever was doing at the time that you bought it.” 


The Ghosts in the Machine 


Wire Microsoft has dubbed their product 
UltimateTV, even with a name like that, 


there are going to be a few problems and con- 
cerns, each of which may or may not be trivial, 
depending upon expectations. First, if you wish to 
use your own ISP with the box, nat all af them are 
compatible. For example, AOL, Compuserve, and 
Pradigy are not, but MSN (naturally), Mindspring. 
and Earthlink are, as are most high-speed connec- 
tions, like @Home. 

Mullen says that the ISPs that aren't compati- 
ble are non-standard in the way that they do the 
handshaking protocols. "I think it's the IMAPI stan- 
dard, So they dan't do some standard stuff, so we 
can't go through their dial-up to get to our serv- 
ice. It's not a policy thing, it's nat a competitive 
thing, it is the fact they've chosen not to support 
the standard protocols." 

Whatever ISP is used to connect the Internet, 
it will probably be on the UltimateTV box's 56k 
modem. But when Microsoft debuted UltimateTV 
at CES, the units were all connected to high-speed 
Internet access via a dongle that connected an R]- 


UitimateTv.©& 


from Microsoft 


OImeCcTy. 


Guide 


My Shows 
Web Rome 


UitimateTy. 


os 


45 cable co the USB port built into the UltimateTV 
box, which allowed the WebTV component of the 
box to fly. It's unfortunate that this dongle couldn't 
have been included with the unit, or be immediate- 
ly available as an accessory. Any long-time cable 
modem or DSL user will be thrilled to junk 
UltimateTV's comparatively poky dial-up modem 
for a high-speed connection. This feature is due to 
be commercially available by fall 2001. 

The unit also lacks an HDTV tuner. While 
HDTV hasn't taken off the way that its backers had 
forecast, if it does, this could speed up the absoles- 
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cence of this generation of UltimateTY box.And 
because it would involve digitizing an analog signal, 
which would add to the cost and complexity of 
the signal, the unit can't record regular (off-the-air, 
ar cable) television, typically local channels, unless 
those local channels are subscribed to via DireeT™ 
—a real loss. 

But these are minor compared to the fairly 
nasty bug discovered in Microsoft's UltimateTV 
software saon after the boxes hit the streets in 
March. Microsoft said in a statement, that “if a sub- 
scriber deletes a recorded program while in 
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| RECORDED| 


College Football 


All My Children MIND MON-FRI 


Blade Runner ECORD THU AUG 31 


Ally McBea' EVERY MON ¥ 


‘pause’ mode. the listing of this recorded program 
disappears from the My Shows listing, bur the 
recorded content is not actually deleted from the 
hard drive, thus the continued diminished storage 
space on the hard drive.” A patch is currently avail- 
able by calling Microsoft's technical support line. 
And Microsoft plans co include it in cheir first 
round of regularly scheduled software upgrades, 
which was planned for May of 2001. 

This sofeware upgrade will also fix another 


feature that's much more of an annoyance than a 
bug. The UltimateTV box overwrites existing 
recorded material when you run out of space, but 
you can't choose what it will overwrite. At the 
moment, programs will scroll off,as new shows are, 
added. So while waiting for this patch, copy any 
shaw that's a keeper to videotape before it's 
recorded over on the hard drive. 

Hopetully, it's safe to assume that the ane big 
bug in the unit will be fixed by Microsoft's soft- 
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| Cast of service: $9.95 for UltimateTV 


PRODUCT SPECS 


RCA DWD490RE DirecTV Receiver with 


UltimateTV Service 

Product Price (MSRP): $399.00 : 

(DirecTY satellite dish also needed. RCA's 
DS4290RE packages the DWD490RE with 2 
dish, for $449.00.) a 

service IT 
addition to existing DirecTV fees. Monthly !ee 
includes three hours of WebTY access. 

$29.95 for UltimateTV service and unlimited 
WebTV access,($14.95 if existing ISP Is used). 

AJV infoutputs: 

Front panel: Audia/Video/Mic Input 

Back panel: Dual AudiofVideo RCA Outputs 

Channel 3/4 RE Output 

‘Two DirecTY RF Inputs 

One Antennafcable TV RF input 

One set of §-Videa input and autput jacks 

Digital Audio Output via Toslink jack. PCM audio, 
unless show is broadcast in Dolby Digital ; 

VCR control autput (to enclosed cable with mini- 
plug and IR transmitter) 

Hard drive size: Records up to 35 hours of pro- 
gramming 

Other in/outputs: 

One telephone ack for both Internet and 
DirecTV data 

wo USB ports for planned high-speed connection 

nsions: 17°W, ||"D.3"H 


user guides 

Web site: hap://www.rca.com/productiview 
modellist/browseproduce/1.1323,C11 00073, 
00.hem! 


ware patch (and it better be, or Microsoft's rep in 
this new industry will be lower chan whale drop- 
pings). 

It thac's the case, then Microsoft's UltimateTV 
ar least in the farm of the RCA DWD490RE sec- 
top box that we tested, will come pretty damn 
close to living up to its name. NV 


icyclopedia 


Experience it today at the Nuts & Volts Web Site. 


For Experts and Novices — The Encyclopedia 
contains more than 15,000 definitions, illustra- 
tions, photos, charts and diagrams, 

and covers the field from micro to 

mainframe. 


Everyone Needs This — You can't 


escape computer and telecom lingo 
in this day and age. The Encyclopedia 
covers only the high-tech world, but 
makes it interesting for everyone. 


Twenty Years in the Making — 
Starting as The Computer Glossary in 
1980, the Encyclopedia is the longest- 
running computer dictionary. Edited by 
Alan Freedman, noted computer lexi- 
cographer with 40 years of experience 
in the industry. the Encyclopedia is the 
most comprehensive reference of its ki 
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FABULOUS MOTION SYSTEM, Asymtek 403G series. The Auiomove* 403G fs obighy 
\| cankgureble, avioma'ic Aud despensing system capable ol handing a ful 
range al dispensing opptecions Wherever hand-held cbspensers ara 
currently used, outornatng with the 4036 system wel increase borh 
‘occuracy ond throughput Of course the system con be cont gured or 
many ather metion auismation applicators as well Your imagneron Is 
the key The system can be programmed 1a daspense dots oF continuous 
* Tes precisely and consistently usnga wide variety al fieds, This Rexbslty 
mates 1 ideal for opi cations ranging trom surface mount electronics bo 
& form. in-place gaskeiing The sysiem oliers sevevol slandend lectures AL 
speeds af up to $08 man/sec (20in /3), if provides 0.025 mm 10.001: | 
Tesunon wit a leach accuracy of 0.025 mm 10 001 in} is a gontry conf guration wh o 457x457 mm (18x18 
in work oreo Overat ie J6W 2280» 20°H Once programmed wth a personal computor, the 403G stores up 
fo 10 separo'n programs in onboard memory Features « Programmable speeds up la 808 mea {20 in /s| perfect 
tox fant, short, eget Lve moyns required in Gulometed arp! cations * Sern auicma’ ¢ part skew of grment corrects 
for wad pees micolignment. » Fary-to uve, Rexbie, flucimove sohwore for quick program ctearon is ava-ble 
from the monutocturne (Nol supphedl © (ght extra inpus ond outputs prowde inlerfaca lo UO-niggered devices 
lor futher automation » Mult pla progeoms can be stared sn onboard memory afawing computer free operaon in 
1 producion envionment Units used and in excelent condhon Sh gs vid uct See ww asyrmtot. com for mia 
Rag. Prica s$10K, Sparial A 


PULNIX, INDUSTRIAL 1/2", COLOR CCD CAMERA, type TMC-7 with Pentax Lons. 
Avil for no compromise oppications. 

Specs 1/2" CCD, 460 Lines iocotuien, 768M x 49tv Preols, 

Zur sesinily @11 4, Aula! Mlonwal AGC, Auta! anvol Ine 
‘Shutter for 1/40 io 1710.00 rernosety conrotate va a pn Puta = 
Connector Inat wcluced, Alfo/ Manual whale ba'oree, | een 
Manual gon and bus contral hom ouside me corner Ss ees 

Comp! mentary colot Het Operates on 12VDC @320mA, . ™ 
Powe supply included Also includes o high qua ty Pentax 16mm f 4 tens Area gins lens 

SJondrd NISC video uf on BNC connecion Y/C 6 Video| ofp. nisn cam lab on 17 pn connector supplied 
Sepeva construction Compact uz ony 1 6°Viae1 25"H x 5 5° long Peroct for une in process man toring, 


fance, medical and mecroscopy Excefent condition, removed irom mapextion sysiems Paquier price $600 
SPECIAL, PULNIX, THAC. $14900. or 2 for $249 


SPECIAL PRICE, 350MHz, TEKTRONIX 2467, MICRO CHANNEL PLATE CRTI 
4 Channels, 500ps per div. in normal room fight. 
FD splays intermitent varia!.ons af they happen Captures the 
sloaes! ono shal events with dns per denon a ICO fald 
Inerease in the wzval wi. ng rola ever comsentione! CRY 
Features Ins nse ime. 500p1/Dwv Lire base, 2m4/D 
verical sensinny al 350¢4H2, 20p4 Imre interval resolution, 
VWaonm / S0-anr inpun, $00%#hz2 \rigger barter din, tour 
chonnels On-screen wave'orm cursors proade ver. co & 
A horizon'al xca'e loctors ingget level, voltage, rn, beg. 
rt brave, tao values ond mode ind-cation Win 7 probes, pouch 
ond manual EX. cond 90 day warranty New..$12K Now SPECIAL, TEK 2467,......$2495. 


NEW! 0.01 Lux, COLOR NIGHT VISION CAMERAI 
FANTASTIC LOW LIGHT PERFORMANCE. Exclusive ON SCREEN, 
manu driven satup of all 
camaro paramotors. 
| NEW, STATE of tha ART, 
GMV-35KOSD, 

? bertect tar cover, tary & 
scien: fic applica ons thot must 
be olor Unbovevabto 0 Ollua 

@ 11 2 performances enhanced 

Inrougn low speed electronic smutierng. 
digiial fame iMegiation ana advarKed OSP Au1o 
tensity mode starts as if becomes dark 24 hout 
surveillance is possibte wih the apl.ane’ 12 lens shawn below 
‘Specs include Shutle: speed gu'o or manual 1/60 to 1/120,000, 60d3 S/N 
role!, 1$4q8 Smear rrecton!, AGC gain 0 43 ta 18 8 10 set beyond the noise mort at 
COD Digtol gan OdB Ia 1243 Dg tc! 200m conlinucus from up yo 2% in O LX steps. 
Maskng made ollaws hid.ng 4 procrammanie zanes lor prrvocy pratechon Camera on 
xiperiname Choose you gan name lor the camera and display it on horwior for easy 
idee :c0.0n | White ba ener modes. Auto Tracking. one push ox selecnon fromm 37700. 
4B00k, 560k, 7800%, cnd “double white balance’ independent white bo!ance carcut for 
both oright and dark zone, ma niains correct wivie baicnce even with combined indoor 
‘ond oudcor ning Programmatie 48 zone back light compensation mode kor d4fcult 
lighing stunhon Neqarve moce for negarve Em reoaing Rumor image and im /cerwn 
sceci an for rear wew and camera mounted upside down Seven Gain /Shuner modes 
core usee sevectoble Norme\, X2, X# XB X16, K24. X32. X64 These promde Fame 
rotes ol 60.30 |5 6.4.3.2 and! persecond Alum housing, duc! 1/420 mig 
Spees 1/2" CCD, BIOL 508M, wih @T2K purers, 470 lines, '2VDC +1V@2S0mA Sta 
video out on BNC Sid §-Video aut on 4Pin canmeciot Sze 27Hx2W x4 5° long 
POQUIER POWEY OOOPECT INMCMAIEG USt SIONGard C- MOUNT! IONS NO! NCdEd 


ORDERS. 


FLEXIBLE SHAFT with LEAD SCREW and 
NUT Mess, 18" long flex shafts enclased ina 3¢ 
8° OD protecive sheath One end “Plugs' into.a righ! 
Jangia dave which outputs the Rex rotation by turning 
ola V2" cham x TL, 10 TPilead screw upon which 
rides a" x1" 271 “nut /camage’” wth Wwo 174 x 20 
threaded ho'es spaced I" opart an the long aes Flex 


designed 1s mave power seats We da not know 
Cor Heavy Guty construction. A very interesting 
co FLEX-PAIR.........$39 / 


OS 
BOGEN MODEL 3232 1107 MOUNT, 
fécclicuon made moun! proudes +f 
= 90 degrees ol motion Sold cast 
‘olum_consiucion with back 
Jor coat Frich tndusiry sid 
reversble 1/4" x 20 of 1/8" mola top 
Dp. mount wih cork pad Tit base 
De Is attached to a removable 
3 SUR ZS WoO thick, 
Diack anod.red alveninum 
picte vo o 1/8" bor BOGEN-3232......$10ea, 


WEATHERPROOF LIPSTICK CAMERA 


BEW, Industrial strength, sofid machined 
ae Sot ginocizes Ring seated, 
_ BRASS, housing 
Yescetion' 
Veco Specs V3" 
Nee 400 Unes 
4 eesokmion, 005 ix 
LE sersisaly, NGC AUtO 
Shutter Operates on 
12VDC € 200M, 4mm. 78° FOV ens, Areal glass 
lors RISC witec ou Superior consmruct on SENCSTIVE 
toi Una smal Sze onky. 125" dom X 2" long Wh 
60h cable Great tor general outdoor use 
NEW, GM300K-N. S99 


Tech 603.666.2499 


SUPER, MINI C-MOUNT CAMERAS, 


Super sensiti 


GM410 or tha general purposa GM412, 


The GM-Al7 bottom! spacs 


08, sze! 
rah Quay menica! grade, 
Stesniats, constructon Dace! 
wren eyepiece mth a 6 "long, Smm dam mune 
Of:ecine end opt «sc! a:30 degree angie for ecsy mewing of surrounding crea 
15mm dam edema! ight port Very med quantiy Hospital Prica 
§22900. Ploase sa0 web for adi 


A COOL COLOR CAMERA, “Tha ROVING EYE CAA” with Ultra 
Compact, 12X ZOOM, 
PAN aad TH, AUTO IRIS 

and AUTO FOCUS to boot! 

A super quaitly cclat camera, 
port al arign end sysiem trom | 
Prcrurelal Foch unit consists ol 

0 camera head attached to a 
base PC board The allachment | 
ig a. @ maveabie mount Ther 
‘are tre liny steppe dives 
which create the pan and Ii 
motian Ine tt steppers 
mounled 18 the PC board The 


ony 18°50. x1 6%, 


sq X24 
250,000 Pxess, 30 Lies 
Resotusan Sensinety 0 3 Lux, 
The GMO Ropl specs size 


2270000 Pines 410 nes. 
Res, Sens 0.05 LUX, Bath 
comeras ore 1/3" COD wath 
AGC & Hloetronc shutior 12 


IR SENSITIVE, BNC wdeo 
‘out, Bolh usa sid DC pwr 
jack Alumnum housngs 
with dual tyeeded tap end 
batiam mounting Tue 
performance not ype! 
These camiercs wt 
ourperiorn ANY camera In 
fhus magarne Multi tens 


optons ere ormlobie ta expior ther supenor performance 
GMA412, lass lons..$99, GM410, loss lons..$149 


pan siepper 1s nmounied ane 

‘anaches to the side an your 

base of enclosure The camera 

18 conticlicbla wa serial parent tad 

commands howerer we have no inla on how fa da il Anyone who can tell us can have 

soma iftee cameras The camera moduie specs 4006 unes G |lux the pawer required 

16 12VOC G 50CmA sue of heads $5 cam x 37°r. The ailached PCB Is SW" x AL’ x 

13'H. Zooms contioled vad tha sepa port No inta. Composiia wdes output We Rinks 

has ¥/C alsa Order now. {he orice Goes up when we el the serio! commands Removed 
fedovduatty tested tor auto locus, Out0 Wis, P&T and video output Very Pigh 


SPECIAL, R2D2. '$99e0, or 5 for $375, NTSC of PAL avai 


16 x 2, LCD DISPLAY and KEYBOARD COMBO,NICE! 
pees | 


ADenstton, 21824- 
5 CTLCD module ine 

backighil wath 18 key 

*) ip ty Zp elastomenc keypad 
Ste renged inc 4x5 

1p TS] Lh <A mara: The tightmest 
ta dh Sh te tm 17 tevsare icheled 
—_. =a Lee a lelephone pad 


while Ihe 6 leftmost keys a lape'ed wiih Up/Down and Lelt /righ! cursor 


symbols as weil aso return and function key 1/0 is via 3" lang. 24 pin, 


NEW, fowar cost, High quality, MIN] BOARD CAM, 
Wwéaudio 1/3" CCD. 420. Lines Res. 0 Stuxsens , AGC. Aula 
Shutter Pert ftom 9 10 12VDC @100mA, 284k PIXE 

27mm, 977 FOV lens, Areal glass lens Aula shulter rom 1/6010 


soe 


Sid IDC nbbon cable Sata shee! for asid 21824 1CD modula and 
keyboard cable pinout included LCD ts a slandard 16 x 2 arrangement ol 
$7 dol mam characters 2 96mmi x § SémmH with cursor TN type with 
lop wewing On board industry siandard Hitachi 44780 drrver wath & kit 


800.810.4070 


1100,000 sec. Focus Irom 10mm 10 infinity Sid NISC wdeo cul 
142 qunce! SENSHIVE Io IR Slee Sid 125'sq x I'd Connections 
via a 6° pigiail ¥dth PC boad connecior 


parallel inferfaca Overall board size: 6.4L «2 57H x0 6° 


. Viewing area 


b2mmiv x 16 2mm Will eolly make your project loak pro! 


Brand New, with data, LCDKBD-2162. 


$5.0000. 


NEW! 6.8" LED COLOR, TFT, ACTIVE MATRIX DISPLAY, A he: 
23sa. inch VIEWABLE AREA, Super Deol. 2.8% the VIEWING of 
a4” panal and 1.5X a 5.6" Wr! We wich you could see thes color sore on ord 
resolution ol this superar LCD splay, dis 
lantastic Exceller! contre ratio. high 
quay, bill calor moges are comparable 
toa CRT Perleti as a parable. general 
purpase color morvot for standard NTSC 
coor or BAW video systems Fully 
compat ble wih o1 out cameras crs well os 
Camcorders, VOR, DVD's etc OEM 
“component shyla unt! has no outes cab net 
Designed lo ba installed in YOUR housing 
ia four mounting tabs oy shawn. Specs 
Reselution, 1152H x 234V, 270K Pixels! 
Viewing angle, fop 10", Dawn 10 Left 45°, 
Right 48". Brightness, 300 nf, Se WH xD imm/anl 18724122 6x80, 62° x 483 x 
1117, Weigh! igm /ez 1280 gm. 1002. Suppted wah 30° input cobs. Video Input wc Bra jock 
T2VDC input wa a slondard barrel connection Regu cied 12VDC G700mA poser aden tee 
kc'‘uded BRAND NEW, FIRST QUALITY GMTFT48.__$1 69a. 
a 
NEW, UNEAR BALL SLIDES from DCI, Trrea mode's ava‘ab'e The large s 
470307 OW x 7H vath 4° of revel. The mectum 6s $1 x2 674 x 17H wath ¥ of Yovel The 
Jsmoll i 1 75°W x 175°Lx 0.757H wih I" of travel win a removable spring retum for use 
lagamst q micrometer of simlar. Features 
common to ail include Solid 
machined cluminum with 
anodited construction, hardened 
steel wars. Slides are uscble In 
‘cay positian and can cory heavy 
loads Over ‘O0Ibs for tha large and 
medium and 2Sibs for the smal Straight 
line accuracy af © 00008" finch al travel, All are new. 

jen, 


Senn ee ee 
‘STEPPER DRIVEN LINEAR SLIDE is STURDY and COMPACT. tectro- 
sel based, heavy duly 15° wide, aluminum ond steel 

duc! rail. Drive is Waa loolhed belt, powered 

bya St0-5YN MO6I-1F-504. 125¥ 03 8A — 

stepper malar wih 200 steps per revand 60 = 

oz in hold The slides incorpatates superior "quality, reurcu'cting bel beonngs 
Sie al sider is 3°» 3° x 1/2" thick valh mount-ng plate Linwled quanSty. Unit is mounied 
ona We thick, black anedized alum plote All have been caretuly removed lor 
precisian apical equipment Iravel 11.5" Ral Length 16°. eight 7Ibs . Overall Sze 
161 x4Wa 6 SH Very id Oy ISELMTR-SHORT. -$149ec. 


CARL ZEISS, S-PLANAR LENS, GCA type 37, 
1.4/75, M1:5nA+0.30, 

Aiontacic lens 

veath a current 

eplocemen! cas! 

Jol 320K Extternety 

ct field From 

Phote-lthography 


New, model $03601-62-02¢ series The module 
in¢|udes ihe ¥FD, microcomputer and driver Camects 
ditectly lo the system bus vie 8 bi, TL compat ble input 
Dispicy up ta 20 dal matna, 5 x 7 characters (96 
character U.S. ASCI-7. Smm H x 3 Sem Wyeth cursor 
Display Color is green ot S0Snm Brightness s 1708 
Weight 402. Sce 6 621 x2 Z7Hx0 6" thek Power 
required is SVOCG 3AémA Perlect for ci begh vesblty 


requirement. With dota. 
SPECIAL 1EE-VFD20...$1200. or 4 for $39 


NEW & IMPROVED, 0.003iux, UNDERWATER B&W CAMERA, 

Dy. 16X MORE SENSITIVE Now with 12 
INTERNAL, INFRA-RED LEDs! Seek block 
anodized. BRASS, housing O-Rng seaied & WATERPEGOF 
down Io 60tee!. Ad.ustabe mount included. Specs: 143" 
CCD, 400 Lines tes super 0 003 cx senstmty, AGC, Auta 
Shutter, 12VDC @200mA. 4enm, 787 FOV lers, Areol class 
leis RISC eo out Superior construction, SENSITIVE ta I, Linra smal Se 
lonty 125"diam X 2" fong With 60H. cable, Perlect as dremole ated, pipe oF ductwork 
inspeciian camera Excellent lor general quidoor usa as well GM-IOQKX-12.$179 


NEW ind IMPROVED, COLOR {dawn to 60 tt.) UNDERVAATER. 
> now with 12, Built-in WHITE LIGHT LED'S, 
Sleek black onodized, BRASS, housing O-Ring sealed & 
| WATERPROOF Adjusiabe mount inc!. Specs. 1/4" CCD. 350 
Unes tes , 05 tux sensiinnty, AGC, Auto Shomer 12VOC 
@200mA, 4mm, 78° FOV lens, A teal glass fans. NTSC 
video aut. Superior construction, Ultra small Se andy: 
1.25'diam. x 7" tong. With 60 ft cable Pertect as c remota 
lorea inspection camera. TWEIVE super white LED'S! GM-400K-12LED__$229a0. 


DAYLIGHT/LOW LIGHT MINI CAM & A/I LENS, for 
‘Caw Il dusk applications Rugged clum. housing, duc min 
sockets. 1/3" CCD, 420 lines res , 0. lux sens, AGC, 12VDC 
QZOmA Take fy advanlage al camera sensanity with super, 
‘4mm, 1.4, 78% FOV Auta ris fens included. BNC video cut, SOrmim 
$qX 6SmmL With pwr. adept, GM-510A/I_$179 ar 2/§249 
B&W QUAD PROCESOR, The GM4-B0's on unbeatable vous Four comerd inputs 
wath lage through Full sereen enoge, REAL ThE 
display, bigh resahiton 960 1480, Bnghiness axt for 
(ENE TNNTTTINIRR, xn orm er 20 dork 
SESE AuIlo Sequencing moda with cj. dwell 1-4 se 
Quality video processing. Specs. «4 video nputs. *] manor aut and VER infou, *4.alarm 
inputs *Buzzer *? Alarm Out «Dim: 239x166 35mm GAMS-BQ QUAD____$179 
———— ee ae 


ULTRA RESOLUTION & HIGH SENSITIVITY, SCIENTIFIC QUALITY 
for demanding opplicatians.Typa GM-6000. offers 410K pixels. 570 Lines 
resolution, <0 | LUX sensitivly >4Sdh #/N with AGC off 

Access ol operching porameters, cutsida ibe camera! € 

jor CS mount. Adjustable shuter speed from W600 

100,000see, BLC on/alt, AGCon/af, goin auto/oM. Avia 

its seleciable, OC/Video wath level control extarna'? 

intemal syne. 24VAC powernd, odopter inckuded Video 


oul en BNC. Industrial quoly metot housing Jus tha lhing for 


melot 
SPECIAL, GM-1000B-STD......$450a. sclentific or haw tight SPECIAL, GM4006. 


or 10 far $4.500a, or 100 far $3.5000. 
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ileal 


reader, 


Dear Nuts & Volts: 


In the latest issue, | see MgB2 and other mis- 
representations. Surely you don't want to mislead 
the unwashed multitude! Why don't you use the 
norma! conventional! internationally accepted 
MgB? (Unfortunately, my email system doesn't 
allow for super and sub scripts, so this is the clos- 
est | can do.) You certainly know what | mean 
though. 

The numerical value denoting the number of 
atoms of a particular element in a compound is 
represented by a subscript. 

Calcium Carbonate is caco,, not CaCO3. etc. 
Aitch tu oh is water! Two atoms of hydrogen and 
one of oxygen make up the water molecule. 


Leonard E. Herzmark, P. E. 
Tucson, AZ 


Dear Nuts & Volts: 


[ was pleasantly surprised to see my bicycle — 
Behemoth — on page 89 of your July 'O1 issue ... 
after 17 years of being pedaled around the US, 
accompanying me on speaking tours via diesel 
mothership, and gathering fiberglass dust in my 
lab while the Micraships are being built. It has at 
last found the perfect home. 

As author Ed Driscoll, Jr. pointed out, The 
Computer Museum History Center is truly an 
amazing place, worth a pilgrimage by any devot- 
ed techie. 

I would like tao make one minor correction to 
the story and also pass along a URL for more 
information. First, my company is Nomadie 
Research Labs (not Pneumatic, tires and deploy- 
able landing gear notwithstanding). Second, read- 
ers can find loads of tech detail on the bikes, as 
well as our new Microship project at 
http://www.microship.com. 


Steven K. Roberts 
Nomadic Research Labs 


‘St PPORTS 
BevIces 70 


32 MEG 


Here's what you get: 

cabie bt of whch Ware ute the cine A reat 

Gar the programme iit plus duagrame for ail wzhnakupy ( 

heck dew; 

tm f MPARE plus math 

Baomate pree: 

f work the sy tam wiflesre prnide 
fore than 20 functors 


inctaberg the 


Fars staray 


1m BLL Vk HLF 


EPROM+ 


A device programming system 
complete info at www.arlabs.com 

@ EXCEPTIONAL POWER FOR THE PRO 

© EASY-TO-USE FOR THE NOVICE 

wer pack ant porter pert 
Huder whemutc diagrams 
cary ture wilware 


es 
IE ard DOS on ans speed machsne. The waftware has 
You bave full 


$28 


$7.00 SHIPPING « $6.00 C.0.D. 
VIDA @ MASTERCARD @ AMEX. 


Dear Nuts & Volts: 


| strongly agree with the letter from Analog 
Systems Engineer; Yahoo! Dallas. 

Frankly, | was reluctant to respond by email 
for fear of harassment by an offended hacker! 
This group of individuals is usually the first to 
complain when their “rights” are infringed upon. 
They never seem to care about the damage they 
inflict with their Jess than harmless activities. You 
do your readers a great service by printing such a 
letter. 


Michael Herman 
New York, NY 


Dear Nuts & Volts: 


Part 1 of the article "Small Logic Gates Spawn 
Big Dreams" had significant errors in the dia- 
grams and tables. | didn't bother writing because I 
supposed that everyone caught them and! 
expected to see something about it in the June 
issue of Nuts & Volts. | also assumed that Part 2 
of the series would be more closely scrutinized; 
however, | had to stop reading it after the first 
page to write this email. 

The very first truth table (for the half adder) is 
just wrong, and the second table has an error. On 
a subjective issue, a half adder is much more suc- 
cinctly described as ... 


SUM = A xor B 
CARRY = A and B 


This requires only two logic gates and is very 
easy to fallow, as opposed to the handful used in 
the article which requires much more thought to 
interpret. 

The author did explain that the goal of the 
article was on how to use the functions as 
opposed to how they work. With that in mind, 
showing how two half-adders (in block diagram 
form) are wired together to 
make a full adder is much 
more instructive than a logic 
schematic. This is an impor- 
tant point which is not men- 
tioned in the article and is not 
plainly obvious in the 
schematic. 

Enough of my lecture. | 
am a new subscriber, and this 
is only my third issue of Nuts 
& Volts, | understand and 
expect to see mistakes in tech- 
nical journals. | just hope to 
see less of them in the future. 

| have one last idea. It 
would be interesting if each 
article had a brief author bio 
at the end. A short back- 
grounder to let us know where 
the article is coming from. 


DA RESEARCH, P.O. BOX 222, MILFORD, OHIO 45150 


(513) 831-9708 FAX (513) 831-7562 


webtite - mu warlabicom email - arlabs'2 warldn net 
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BTR TO LAUNCH 
LARGEST HOBBY 
ROBOTIC SITE 


D cborzone.com,a division of 

PE NBrian Thomas Robotics (BTR), 
will be launched September 28th, 
2001. BTR promises that it will be 
the largest habby robotic site on 
the net. 

Robatzone’s main objective is 
to offer robot hobbyist parts and 
supplies never offered before. Just a 
few examples are gears (48 and 32 
pitch) and sprockets that mount 
directly to habby servos, servo 
gearboxes, wheel adaptors, whecls, 
high pawer servos (250+ Ibs. of 
thrust), Servo mounts. hobby servo 
encoders, sensors, all types of link- 
ages, and thousands of more prad- 
ucts, 

Not only will they offer parts. 
they are also launching an entire 
line of robot kits. These kis will 
range in price from $50.00 to 
$2,000.00. They will also be offering 
free shipping for the first month 
that the website is online! Be sure 
to check them out this coming 
September and also check out their 
latest site — www ServaCity.com 
— for great pricing on high-tech 
servos and parts. 


INCREASE YOUR 
INTERNET SAFETY 
AND PRIVACY WITH 
Pc FLANK 


C Flank (http://www.peflank. 
com/) is a new, free Internet 
resource that gives users the taols 
needed to protect their computers 

from Internet viruses, as well as 
Trojan horse and backdoor attacks. 
PC Flank's testing facility lets 
you determine if your system is vul- 
nerable to virus and Trojan attacks 
In less chan five minutes, PC Flank 
will produce a report on the quality 
of your system's security, plus con- 
crete recommendations for how 
you can make your surfing safer. 
The test will determine if you 
already have a known Trojan infec- 
tion that is sending your valuable 
information to third parties without 
your knowledge. It will test your 
computer's ports and determine if 
they are accessible co hackers. It 
will even tell you how much of 
your personal information your 
web browser is providing to out- 
siders, and make recommendations 
on how you might adjust browser 
settings to increase your privacy. 
PC Flank's "Ask the Experts” 
web pages give you several tools 
for determining how safe your sys- 


tem is, and how to increase your 
security. There are security experts 
who will answer your security 
questions for free. For routine con- 
cerns, there is a Frequently Asked 
Questions (FAQ) page that lists the 
Most common questions — and 
insightful answers — about com- 
puter security. You can view recent- 
ly asked questions, a security tip of 
the day, and a glossary of Internet 
safety and security terms. 

The online forum is a growing 
community of Internet users who 
are interested in discussing Internet 
security issues. You can post ques- 
tions and answers to discussions 
about which anti-virus software is 
most effective, which firewalls keep 
you safe, and which anti-Trojan soft- 
ware is able to effectively keep 
hackers from stealing your private 
information. 

PC Flank's virus information 
database lets you learn about a 
virus, its level of danger, the way it 
accesses your computer, and what 
you can do to protect yourself. 
There is a library of security news, 
with in-depth coverage of news- 
worthy stories about security 
breaches and solutions. The articles 
library has easy-to-understand 
information about how the Internet 
works, how virus and Trojan horse 
attacks happen, what fava and 
ActiveX files are, how firewalls 
work, and other topics that you 
need to know to ensure safe com- 
puting. PC Flank has links to the 


NEN’ 


ohmSOURCE . Resistance Decade Boxes 


most popular anti-virus, anti-Trojan, 
and firewall software. You can even 
submit suspicious files that you've 
found on your camputer, and the 
experts at PC Flank will analyze 
them for free. and tell you if you've 
been infected. 


JENSEN POWERS 
NEW PRO REVERB 
AMPLIFIER 


fender Musical Instruments of 

1 Scottsdale, AZ, has recently 
announced the release of a new 50 
watt, all tube, Pro Reverb combo 
amp, featuring Jensen C12N Vintage 
Speakers. The Jensen CI2N speaker 
was carefully selected to match the 
circuitry used in the Pro Reverb, 
which can provide bell-like clean 
tones from its vintage Fender 
Blackface-style normal channel, and 
thick, creamy shades from the super 
hot drive channel. 

The Pro Reverb amplifier rep- 
resents a ‘first’ for Fender in that 
they have never released an amplifi- 
er wich both Tremalo and high-gain 
channel switching. The Pro Reverb 
amplifier toucs true tube reverb and 
tremolo, and a full-featured effects 
loop. Fender amplifiers and Jensen 
speakers have a long history of 
combining to provide that unmis- 
takable Fender sound. 

Jensen Vintage Speakers are 
made to replicate the tone and 
specifications of the original Jensen 


@ Calculator-style keypad or rotary switch interface 

@ 100% mechanical isolation trom circuit 

@ Current limiting feature to prevent device damage 

@ Quick Value keys for convenient one-touch store/recall 
@ Residual Resistance automatically included in output 


e@ Dual Banana Plugs provide easy output connection 


PRODUCT SPECIFICATIONS 


ohmsouRne, 
Range: 0-24M2 
Resolution: 12 
Accuracy: +10 upto 1kQ 


EAST KR- 24M + .1% 


ohmSQuAci 


0-24MQ 
0.10 
+O0.5Qupto1TkQ 


labMetric >» 


The Sourca ot innovaton"* 


Scottsdale, Arizona 
Ph: 480.998 3503 
Fx: 480 996 3504 


TKR-24MQ 


Clicle #109 on tha Reador Service Card. 


Dual 
JFETS 
SMT 
IFETS 


ULTRA LOW NOISE 
1s843- anv i 


-_——- . 


TIGHT MATCIING 
15843 - 1 mV max 


ON & P Chonne 

© Duc & Sngies 

© Custom Scieening 

© De, SMU Tha-Hole 

© No Order Minimum 

© CODs Accepted 
. 


Second Source tor Domestic! 
| & Bie) JFETs & SEREES ! 


fPull Service Us. Manutoc: ulel 
of SpoolallyL noar Products 


LINEAR SYSTEMS| 


4042 Clippe: ro 
Fremont, CA9153: 
10-490-9160/510-363: O28 Fax 
E-mall: 3421671 @MCiMAIL.COM 
YAW. LINEARSYSTEMS. COM 


Circle #107 on ihe Reader Service Card. 


speakers. They are distributed in 
the US by CE Distribution, (Tempe, 
AZ) a subsidiary of Campanella 
Enterprises. CE Distribution is 
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\ WESTERN / 
TEST 
_ SYSTE IS 


OSCILLOSCOPES & ACCESSORIES 


OSCILLOSCOPES 
TEX 2430-0pt 05,11 100 MS s Dual Channel Osc"loscope. 
TV ingger, GIB $1,200.00 
‘TEX 71041 GHz 2-Channel Osc“oscope, 
wITAZS. TAZA. 7B 10,7815 —_— $2,000.00 
PROBES 
TEK 1101 Accessory Poner Supply. lor FET probes _...._.....--.. $175.00 
TEM AZ3028 Vot2ge lsolator, DC-20 StHz. 20 m¥-500 Vidiv. $600.00 
TEX azo! 900 MHz IX/I0X/100X FET Probe __. _ $400.00 
TEx Paz02 500 MHz 10X FET Probe $150.00 
TEX P§701-0pt.02 OF Converter, 450-1050 nm D-1 mi: 
DC-700 MHz, ST conn, 75.00 
— —EE ooo 
WAVEFORM GENERATORS | 
FUNCTION 


HP 3Q10A § MHz Functon Generator 
HP 312A 14 haH2 Funchon Generator 
HP S26A-001 21 MHz SyrthesterFuncton Generatct, 


(CKO reterance $1,100.00 
MP SESA002 21 Miz Syrthesirer. Function Generator. 
HY output option ——- $1,200.00 


TEK AWGS1C2 Arh Wavelorm Gen_20 MS 3.12 bes, 


Sdopm syrtnasa <iMH2 $650.00 
TEX AWGStOS-opt.C2 Arn trary Waveform Generator, 
Suni channel epton .- $800.00 


TEX D050! D gtal Datay & Burst Gen . tor function & pu'se gens. $200.00 
TEX FG5010 Programmable 20 MH? Func:on Generar, 

TMS000 senes $800.00 
TEX FGSO1A 2 bittz Function Generator, TLS0d senea .__. $275.00 
TEK FGSO2 11 Uz Funeten Generar, T.IS00 senes $275.00 
TEK FGSOS a UHz Functon Generator, TL500 seriea $250.00 
TEX AG501 Rarp Generar, T1ASO0 senes —____ $175.00 
WAVETEX 288 20 MHz Syrtheszed Function Generator, 

cra 


PULSE 
BERKEL EY NUCLEONICS 70855 D gta! Delzy Generate, 
0-100 mS, 1 nS rae5 M75 Me 
HP 2148-001 10 MHz Puse Generator, 
pia $0 ¥/ 50. Otzns 
HP B0078 100 Mite Pize Generator 
HP 60128 50 MHz Puse Generater, vartabe transition tne. 
HP 80128 50 Lex Deal Ciera Puss Generac... 
AP 80138 50 UHz Dual Cufat Pune Generator 
TERK PGS02 250 Mrz Puisa Generator, TreinS, 
‘TSOO garnts 
TEK PGS08 50 itz Puna Genaratcr, TMS00 series 


VOLTAGE & CURREN 


. $650.00 


FLUKE 84547 High Impedanca Votmetar / Nu Detector 
HP 458A 6-12 Digt'Volmecter, HPI 
MP AASTA 7.12 Got Volreter, HP 
HP SATBA 5-12 dgt Mummetec, HPIB 
KEITHLEY 181 6-1/2 cgi Nenovormater, 
10 AV senasrety, GPB 
SOLARTFON 7081 8-12 agi Vorreter .. 
TEK DUSOIO 4-1/2 dice Muttenatee, TMSC00 caries plogan 
TEX DMSO1A 4-1/2 dget Murmetar, TM500 series plug-in 


CALIBRATION 


FLUKE 510A AC Pateranea Standard, 10 VAMS, 0-10 mA $450.00 
FLUKE 52204 Tranaconcuctance Ampi‘ar, 

DCs kHz, 0-20 A an $1,400.00 
VOLTAGE SOUACES 
HP 61148 Pres on Power Supp, 

CROVOZA/2040V1A ___. — = $850.00 
HP 61158 Precson Power Supply, 

O5OV 0-084 /0-100V0044 5750.00 
KEITHLEY 228 Programmania Voitaga Currard Soutca $1,900.00 
CURRENT METERS & SOURCES 
MP ONTIC DC Cum-t Soom: 9 SOV. £00 mA $500.00 
HP 6181C DC Current Sours, to $00 250 mA... 


MB 6286 DC Curni-4 Seurca, 10 300 V, 100 mA 
KEITHLEY 225 Current So.ses, 0.1 uA-100 mA, 
IO100V compe.rta - 
TEX CT High Currant Tranatormer tor PECZ1/ABI02. to 100A - 
TEK PRG22 AC Corrard Probe w termination, 
S34 ty.120 Mi. 6 Apa — 


IMPEDANCE & COMPONENT TEST 


LCA 
WALHALLA 2500 AC-DE Currant Calbrater 

2h 2A GC-10 ete. » $875.00 
BOONTON G2AD 1 Uru Inductance Meter, 2-200 ut $580.00 
BOONTON 7280 | Ml) Capactarca Meter, 22000 pti... $800.00 


WE BUY AND SELL 


Inquiries 307-635-2269 


° Fax 307-635-2291 


Orders 800-538-1493 


BOONTON 72C 1 MHz Capacitance Meter, 
1-3000 pF fufl scale 


GR 1658 ALC Digihitga, 120 Ha! 1 kHE $1,000.00 
HP A262A 2-1/2 cht LCR Motet, 120 Hi 4 kHx/ 10 kHz $950.00 
HP 42744 $-1/2 degt LCA Melos, 100 H2-100 kHz. HPIB $3,250.00 
STANDARD 

E.S1, SR-1 Standard Resistor, various values $125.00 


E.S.1. SA1010 Resistanea Transier Standards, 


1. Ohm-100 K/step —.. . $550.00 


‘GENERAL RADIO 1409-saries Standard Capacitors . $160.00 
GR 1406-saries Standard Alt Capacitors, 
GR900 connector, 0.1% aoc... $275.00 


GA 1432-U 4-Decade Rosisinr, 111 
0.01 Ohm tosoluton 
GR 1430.1 4-Decads Resistor, 0-11.110 Ohms. 


. $100.00 


1 Ohm resolution —___. ——- $150.00 
GA 1433-K 4-Docade Flesisior, 0-1,110 Ohms, 

0.1 Ohm resolution. $150.00 
GR 1434-9 5 Decade Resistor, 61.1111 Meganm, 

10. Onm resolution pi . $500.00 


HP 44408 Decade Capacitor, 40 pF-1.2 UF .. $750.00 


Hi & LO RESISTANCE 


HP 43254 High Resistance iMerer $1,000.00 
TDA 
TEK 18038-0004 7.7, 0-50,000 ft, 
chart recortier & banery power... $3,000.00 
POWER SUPPLIES _ 
SINGLE OUTPUT 
HP 6002A-001 0-50'V /0-10 4/200 Watts maximum Power Supply, 
HPIB __. $650.00 


HP 60114 0-20 ¥/ 0-120 A/ 1000 Wants max. 
VICE Power Supply me 


—_ .. $1,800.00 
HP 603A Power Supply, 0201 0-30 A/ 200 Watts max. 


ie Janeane een $1,200.00 
He GEBEA Power Supply. 0460 V/O-10.A/ 200 Watts max., 

aed on $1,200.00 
HP 62008 0-7.8V 0-9 A CV/CC Powar Supply ~ $175.00 
HP 62078 0-160 V 0-200 mA GVACC Poxet Supnly $200.00 
HP 62638 0-20 V 0-104 CVICC Power Sunny » $375.00 
HP 2566 0-40 0-5 A GV/GC Poner Supply $475.00 
MP 62678 0-40 V 0-10 A CV/CC Power Supply $550.00 
HP 62718 0-60 0-34 CVICC Power Suppy $375.00 
HP 62748 0-60 V 0-15 A CVICC Power Supply $650.00 
HP 62094 0-100 V 0-750 mA CVIZC Powe! Suppy .. $200.00 
HP 63844 40-55 a1 8 A CV/CL Power Supply ~—. 


HP 64438 0-120 V 0-25 A CV/CC Power Supply 
HP 65154 01500 ¥ 0-5 mA CV-CL Pownr Supply . 
HP 65250-4000 V 0-50 mA CWC Powrt Supply 
HP 6552A 0-20 V 0-25 A CVICC Power Supply - 
HP 66434 0-25 V 0-6 A CVICC Power Supply, HPIO 
HP 66524 0-20 0-25 A 500 Waa Programmabia Powe! Supp. 
HPIB paectestsineenen $1,875.00 
KEPCO ATE 36-814 0-36 V 0-8 A CVICE Power Supply 
LAMBDA LK-352-FM 0-50 V 0-15 A CVICC Power Supply 


SORENSON SAL 20-12 0-20 0-12 A CV/CC Powar Supply —.... $350.00 
SORENSON SAL 60-6 0-60 V 0-8 A CV/CC Powar Supply... $500.00 
HP 6205C Dual Power Surly, (0-40 200 mA & 0-20 600 mA, 

cvcl _ $300.00 


MULTIPLE OUTPUT 
HP 62268 Dual 0-50 V 0-1 A CWC Power Supply 
HP 62368 Triple Output Powe: Supply 
HP 6253A Dual 0-20V 0-3 A CV.CC Poner Supply 
HP 62558 Dual 040 V0-15 A CVICC Power Supply 
TEH PSS01A Dual Power Supply, THASOO series ... 
MISCELLANEOUS 
ACHE PS21-500 Programmat'a Load. 
0-75 V/0-75 AJ S00 Wéats max ___ 
BEHLIAAN 26-C-D OSCD-1 AC Pomer Sourve, 250 VA, 
(0-130 VAC, 45-2000 Hz 
HP 595018 HPIA Icolated DAC/Power Supply Programmer 
HP £000 300 Watt Programmatée Load, 
040 A/3-60V, HPIB ... 
HP 682CA Bipolar Powns Supply! Amplter, 10 50V 1A 
HP €8274 Bpo'at Power Supply! Amputar, ln 100V 0.5 A 
KEPCO BOP 50-2M Bipolar Op Amp’Power Supply, 19 50V 2A... $400.00 
‘TRANSISTOR DEVICES DAL-S0-18- 100 Programmable Load, 
0-50 V, 0-16 A, 100 Watts maz $200.00 


TIME & FREQUENC 


UNIVERSAL COUNTERS 


HP 53144 160 MHz/ 160 nS Unrverzal Counter . - $175.00 
HP 55184 100 Mitz/100 nS Linrmrnal Counter .. $350.00 
MP 5214-669 100 MHz/100 nS Univ. Courtor, 

1 GHz C-channel optien __. = + $450.00 
HP 83188 100 MM! 1001S Universal Counter. - $975.00 
HP 83164 100 MHz/100 nS Untreraal Counter, HPIB $450.00 
PHILIPS PMGE72/411 120 MHx/100 nS Universal Countor, 

C-channal 70-1000 MHz —.. ieee w= $375.00 


; 2701 Westland Court, Unit B, Cheyenne, Wyoming 82001 


TEK DC5004 Programmable 100 MH2/100n$ Caunter/Tmot, 


M5000 sertes _ $200.00 
TEK DCS009 Programmabie 135 MHZ Univ Countar/Timer. 

TMS000 satles . f a $950.00 
TEK DCSO3A 12: ; saree 
TEN Dosa (a5 HE 10K 10nS Untrersal Countar, __$275.00 
FREQUENCY COUNTERS 

4.5 GH Counte:, wimixers 
EWP 5a0a-06 2 iz Frequency Counte., wimixe! nig G6tio0 
EIP 578 op{ 3 02,05 26.5 GHz Source Locking Counta 

GPIB A power moter op! . $2,750.00 
FLUKE 7220A-010,131 381 1.3GHz Countar; 

battery powor, OCXO, and ros. mull . $600.00 
HP 5342A 16 GHz Frequency Counter . $900.00 
HP 5438-001 26.5 GH? Frequency Counier, 

$2,650.00 

CW/Pulsa Frequency Counter... $3,600.00 
HP 53520-00! 005 46 GHz Frequency Counter, 

ovonlzed xial reterenco e . $8,500.00 
HP S364A Microwave Mac! ! Detector. 

for modulation domain an. . $2,000.00 
HP 53848 225 MHz Frequency Counter, HPIB $450.00 
STANDARDS 
MP 1058 Quartz Osoliator, 0.1/ 1.0/5.0. MHz, 

battery power $1,100.00 

AUDIO & BASEBAND _ 
‘SPECTRUM ANALYSIS. 
HP 3586C Seleciva Level Metor, 

50 4232.5 MHz, 508 75 ohms $1,200.00 
DISTORTION ANALYZERS 
MP B903A Audio Anatyzer, 20 Hz-100 kHz ... $1,200.00 
HP 89038-001,010,059 Audio Anatyzar, 20 Hz-100 kHz. 

HPIB -__ $1,850.00 
HP €903E Audio Anatyzer, 20 Hz-100 kHz. HPIB .. . $1,650.00 
RMS VOLTMETERS 
FLUKE 8922A True AMS Votimeter, 180 uV-700 V, 

2H MME W.. $450.00 
OSCILLATORS 
TEK SG502 Sine/Squara Osc., 5 Hz-500 kHz, 70 dB step atien., 

TMS500 $200.00 
TEK SGS05-op! G2 Oscillator, 10 Hz-100 KH; 

IMtest & SO/1S0'G00 Ohms .. $950.00 
WAVETEK 98 1 MHz Synthesized Power Oscillator, GPIB $950.00 
MISCELLANEOUS 
HP 3575A Phase-Galn Meter, 1 H2-13 MHz, gingla cisplay $600.00 
HP 3575A-001 Phase-Gain Mater, 1 Hz-13 MHz, gua! display $850.00 
HP 467A Power Ampliier . . $975.00 
KROHN-HITE 3200 High Pass / Low Pass Filter, 20 H2-2 MHz, 

~. $275.00 
$450.00 

FOCKLAND 652 Dual Highpass/Lowpass Fiter, 
O.1 He-111 i _. $650.00 


TEK AM502 1 MHz Diferental Amplifier, TMS00 saries $450.00 


RF & MICROWAVE 


SPECTRUM ANALYZERS 
HP 1ISI7AN SAQA Mixer Sel, 18-40.0 GH2, 


for HP BSSSA/ESESA $475.00 
HP 119708 WR2A Harmonic Momr, 26.5-40 GHz $1,100.00 
HP 11970K WRI42 Harmonic Mixer, 18 0-26 5 GHz $1,100.00 
HP 119700 WA22 Harmonie Maer, 33-50 GHz $1,400.00 
HP 11970U) WA19 Harmonic Mixer, 40-60 Griz $1,600.00 
HP 119714 WA2@ Harmonic Mixer, lor HP 5698 $800.00 
HP 11971K WA42 Harmonic Mixer, for HP 85698 $800.00 
HP 85594/8534-001 Spocum An., 0.01-21 GH2, 

1 KHz ron, w/rackmount Irame .. $3,500.00 
HP 856404 Tracking Gonarator, 300 kH2-2.9 GHz, 

for HP 8560 zarles .... $5,000.00 
HP B565A-100 Spoctrum Analyrat, 10 MHz-22 GHz. 

100 Hz min, tas, bw. .. $3,000.00 


HP 85688 Spoctrum Analyzer. 100 Mr-1.5 GHz, 10H? min.ros. $8,500.00 
HP 85698 Spectrum Anatyzar, 10 MM4H2-22 GHz, 


100 Hz min.tes.Dw. . $5,500.00 
TEK WM782V WAI5 Harmonic Mnwt, 50-75 GHZ $1,500.00 
NETWORK ANALYZERS 
HP S1C50A Matwark Anatyzar Ageozeory Kd, APC? $600.00 
HP 116658 Modutatcr, 0.15-18 GHr, lor HP B755/67 $250.00 
HP 357A Plataork Anatyzor, 5 H2-200 MHz $7,500.00 
HP 85020 76 Ohm Transmission Rofiection Tost Unit 

05-1300 MHP . $675.00 
HP 850448 75 Ohm Tronsmission/Aufoctlan Tosi Unit, 

300 kHE-2 GHz . $1,600.00 
HP RS054A Typa Ni Calibration Kit, for HP? A510 tasios $1,000.00 
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90 DAY WARRANTY PARTS AND LABOR ° 


10 DAY INSPECTION 


a) TEST EQUIPMENT WANTED CALL OR FAX LIST ° OPEN ACCOUNTS 
HP.8717A Tmnsistor Bias Supply - $500.00 RACAL-DANA 9203 AF Millvohmater, 10 kHz-2 GHz, -20 to +10 dBm, 40-60 GHz .. $650.00 
HP ATSGA Scalar Natwock Analyzer, MPIB .. _ $1,375.00 -70 10 420 dBm. S750.00 HUGHES AS77444 1100WALS Thermite Mout, we 
a -2010 + = a . 
BS ay pe age 70 GHe. _ $1,200.00  APLIFIERS, MISCELLANEOUS HUGHES 47916H-1111 WAI0 Tuneable Detector, 
AMPLIFIER RESEARCH 4W1000 Ampbfier, 40.08 gain, 75-110 GHr. positive polarity 
SIGNAL GENERATORS 4Watis, 1-1000 MHz - $950.00 HUGHES 47741-2310 #28 Phase Locked Gunn Ose . 
FLUKE COGOA Synthesized Signal Gon., 0.11650 MHz, BOONTON 82AD Modulation Motor, AN? FM. ‘92.000 GHz, +18 dm ge) 
1Oblz tes. $1,500.00 10-1200 MHz eae $650.00 HUGHES 47742H-1710 WAZ? Phase Locked Gunn Osc. 
FLUKE GOGOD/AK Synthesized S:gnal Gon .0.1- CPI. VZC6961K1 TW Amplifier, 35 cB gain, 42,000 GHz, +18 d8m__ 
10 Hz 108... $1,900.00 4-8 GHz, 20 Want... - $3,500.00 ytari201020010 Directional Detector, 1-20 GHz, 
GIGATRONICS 1018 Synth Signa’Swoep Gon , 005.18 GHz, ENi S100L Amplier, 50 dB gan, 1.5400 MHz, SMAUWTVSMC 
kHz rea. ef fim ‘ $5,000.00 100 Watts ... . $7,500.00 KAYTAA 26168 Diroctional Detector, 1 
GIGATRONICS 600.6-12 Syrhoxued Source, 6-12 GH?. EMI S25LA Amplhar, 50 6B gain, 1-500 MHz. K(timpSMC.. an 
1 Mizcws., GPID . . $1,800.00 25 Watts .. $3,280.00 WA-COM 3-19-300/10 WA19 Directional Coupier, 
GIGATRONICS 6000'8- 16 Synthosized CW Gan. 6-16 GHz, HP 11713 Swaicty Aflanuator Driver, HPIB $900.00 10 DE, 40-60 GHZ. aevnarverrerer everest rere eer 
1 MHz 102, ¢10 dBm $2,250.00 HP 11729-0093 Cartiar Nolae Test Sat, MICA C-121S06 Circulator, 175-245 GHz. SMA(tirvm} 
GIGATRONICS 075/50 Leveticd Muttipfior, x4, 5 MHz-32 GH? $2,250.00 NARADA 3000-sorles Directional Couplers 
500-75 0 GHz ouput, -3 dm $2,500.00 HP 41SE SWA Meter, $200.00 WARIDA 30204 BI-Direcilonal Coupler, 50-1000 MHz. N 
GIGATRONICS 9002-8 Synthasized SignalSweep Gon HP €406A Comb Genaralor, 1f 10/ 100 MHz Incremants, NARADA 3024 BI-Dicetlonal Coupler, 20 4B, 4-8 GHz .. i 
2-8 GHz, 1 MHz toc GPIB. $2,000.00 10.5 GHZ ..,nene- . $500.00 NARDA 3090-SERIES Precision High Ouectvity Coupters $225.00 
HP 11707A Tost Phig-in tor HP AGGO serios $500.00 HP 8447E Amplifior, 22 dB, 01-1300 MHz. NARADA 368BNM Coastal High Paver Load, 500 watt, 
HP-117208 Pulsa Modutator. 2-16 GHz, 80 40 onvatt ratio $450.00 213 dBm output a ~ $750.00 2.0-18 GHz, Nim) gaa nese eens SSOMLOOT 
HP BGS6B-001 Signal Generator, 0.1-990 MHz, 10 Hz 10s. HP 6447F-H64 Dual Amp.. 9 kH2.50 MH2 28 ery 8 NARDA 3752 Coaxial Phase Shifter, 0-180 deg/GHr, 
HPIB, OCXO |. os iis 2 $2,750.00 0.1-1300 MHz 25 dB ....... 900.00 1-5 GHz... ata 
HP £660C786603A/8662308 Synmosized Signal Generalar, HP £901 Modulation Analyzer, 150 kH2-1300 MHz ... $1,500.00 NARDA 375.8 Gonxial Phase Shifter, 0-58 deq/GH, 
1-2600 MHz, AM, FM. o $3,250.00 HP 890! 8-1 2,9 Moduialion An., 015-1300 MHz, 9.5-12.4GHz 
HP BEGOD E6O3A.002 Syninesizar. 1.2600 MHz rear input, OCXO, ext LO S2.c00.00 NARDA 4000-SERIES SMA Miniature Ditacuanal Couplers .. 
phaco modulaton (BC6ISA} $6,000.00 HP 89704 Nowa Figura Matar - $3,750.00 NARDA 4247-20 Dirnetional Coupler, 20 dB. 6.0-26.5 GHz, 
HP 8672A Synthosued Signa! Generalar, 2-18 GHz. HUGHES 8010H13F000 TWT 25mm. 
+30Bm output... 34,500.00 38 GHz, 10 Watts a5 a s $2,500.00 NARDA 5070-Sarigs Precision Reficctometer Couplers 
HP 8673H.212 Syninesized § gnal Generator, 20-12 4 GHz, RACAL 9009 Modulatan Pate: NARIDA 562 DC Block, 10 MHz-12.4 GHz, 100 V max, 
Tarde eos - . $8,750.00 AM & FIA (1 59100 kHz pt) Nim) 
HP @673M Symthosaed Signal Genemtor, 2-18 GHz AF POWER LABS MLSO Amplifor, 2-30 W4H2, NARADA 765-10 10 dB Attonuator, 50 Wants, DC-5 GH? 
+8 dBm Po. $9,500.00 47 cB gain, 50 Watts, metered, 28V Nin) . 
HP 66838 Signal Gencralor, 2.6 5 GHz, AMY WIBFRA Pulso .... $2,250.00 ROHDE & SCHY/ARTZ ESHZ Test Roceiver. NARDA791FM Variable Alienuator, 0-37 oB. 
HP 86830 Signal Gancrater, 2.5-13.0 GHz, 9 kHz-30 MHz... . $3,750.00 2.0-12.4GHz 
AM! WOFRY Pulso . - $3,750.00 VARIAN VZIA699 1K3 THVT Amplifier, 38 dB gain, NARA 792FF Varlabia Attenuator, 0-20 dB, 
HP 68-8 Signal Ganeralor, §.4-12.5 GHz, 8-18 GHz. 20 Watts $3,500.00 20-12.4GHz ... 
ANY WDFMY Pulso $3,000.00 JARDA 794FM Direct Reading Variable Attenuator, 0-20 dB, 
HP 8684D-001 S.gnal Generator, §.4-18.0 GHz, | COAXIAL & WAVEGUIDE : 4-8 GHZ i 
AMWDEMPulso, «10 dm .. ~ $3,750.00 NARADA 794FM Diract Reading Variable Attanuatar, 0-40 B, 
WAVETEK 952 Signal Genemtor, 1-4 GHz, +10 62m, AEROWAVE 28-2000/10WA28 Directional Coup'cr, 48GHr - een 
AM. Fit. $750.00 10 GB. 26 5-40 Gr... OMNI-SPECTRA 2085-60 10-00 Crystal Datector, 1-18 GHz, 
WAVETEK 987 Signat Generator, 12-18 GHz, «7 dm. AMERICAN NUCLEONICS AM-432 Canty Backed Spiral ‘Antanna, nogativa polarity, SMA(M) os... 
AYA, Fa - $750.00 LHC, 2-18 GHz, TNC(N ‘NEW" 6.00 PAMTECH KYG1014 WRAzZ Junction Creuiator, 
SWEEP GENERATORS AVANTEK AMT~£00X2 WA2Z8 Activa Doubles, 18.0-26.5 GHz 
HP 835087835224 Sweep Oscillator, 10-2400 MHz, +10 dBm inv +10 dBm out 26-40 GHz... SONOMA SCIENTIFIC 2184 WRA2 Circulator. 20 0B. 
#13 dem levallad ., $4,780.00 BIRD 8201 500 Want Ci Dielectric Load, 0G-2.5 GHz, 20.6-24 8GH2 .. 
HP 83500/80525A Sweep Osciatar 10 MHz-8.4 GHz, Ni TEKTRON(X 2701 Step Attenuator, 0-79.48, DC-1 GHz. 
4130Bm lovolied . . $5,000.00 FXRMICROLAB SL-O3N Stub § Steotehee, 0.3-6.0 GHz. AC ar DC coupled 
HP 82508/835408-002,004 Seep Oscilator. 100 Wants max.. NT) TAG 8510 WA22 Direct Roading Atenuater, 0-50 43, 
2.0-8 4 GHz. 70 dO step attonuator $3,250.00 GR 874-LTL Constant Impedance Trombone Line, 83-50 GHz 
HP €3508/83545A-002 Svreen Oseilater, 0-44 cm. DG-2 Gr —— ‘TRG V551 WARIS Frequency Meter, 50-75 GHz 
5.9-12 4 GHz, 70 dO step attenuator ... . $3,750.00 HP 11590A-001 Blas Natwork, 1.0-18.0 GHz, APC7 TAG W510 WA10 Diroct Reading Atfarwator, 0-50.48 
HP B3S508/83570A Sweep Oscillator, 18 0-26.5 GHZ, HP 11681D-G01 Directional Coupier, 22 4B, 75110 GHz ,, et $1,000.00 
410. dBm levelled .. . $7,500.00 2.18 GHz. Nif-all ports TAG W551 WAI0 Frequency Meter, 75-110 GHz 
HP a3506/835704-H22 Sweep | Osoitator. 17-28 GH HP 11692D Dual Directional Caupier, 22 B, WAVELINE 100080 WR28 Terminalad Crosequida Coupler, 
+10 cBm levotied ., . $5,000.00 2-18GHz . - $800.00 208... 
HP 601A Genatator/Sweeper, 01-110 Mra, 420 dBm ievelled ... $400.00 HP 353271008 Programmabla Step Aten, WEINSCHEL 150-110 Programmante Step Attanualor, 
HP B620C Sweep Oscillator Frame . 0-70 cB, DC~0 GHz, 2.9mm .. $1,000.00 0-110 0B, OC-18 GHz, SMA wun. ithaca ee SABO 
HP 9628-002 AF Plug-In, 10-2400 MHz, +19 dBm Md., HP 778D-011 Dual Dir. Caupier, 20 at WEINSCHEL DS109 Double Stub Tuner, 1-13 GHz. 
70.08 step att. » $1,250.00 100-2000 MHz, APG7 test port ~~ $450.00 Nim) —— SSD 
HP 86222B-E69/8620C Sweep Ozcilater, HP 64318 2-4 GHz Bans Pass Filter, Nm). $150.00 WEINSCHEL DS10SLL Double Stub Tuner, 0.2-2.0 GHz. 
001-2 GHz & 2-4 GHz, «10. dBm. witame. .... .. $1,200.00 HP 87300C-020 Directional Caupler, 20 dB, 
HP 8624-001 AF Plug-in, 1.2-6.5 GHz, +8 dim levelled. $200.00 1.0-26.5 GHz, 35mm .. $475.00 


HP 862514 AF Plug-in, 7.5-18 6 GHz, +10 cBm levelled $s00.00 


HP 862604 AF Plug-in. 12-18 GH2, +10 48m uniovalies $400.00 
HP 86260A.HO4 AF Plug-in, 10.0-15.0 GHz, 

+10. dAm unievatiex $400.00 
HP BEZOOA AF Piug-in, 2.0-18.0 GH, +7 dBm levelled » $1,200.00 
HP 86290B AF Plug-in, 2 0-16.6 GHz, +10 dam levelled ~ $1,650.00 
HP 86290C RF Plug-in, 2.0-18.6 GHz, +13 dBm lavaliad .. $1,850.00 
WAVETEK 2001 Swoop Genarator, 1-1400 MHz, 

+10.d8m, 70dB stop anien _.... $900.00 
WAVETEK 20028 Swaap Generator, 1-2500 MHz, +19 dBm, 

70. dB att. GPIB .. .. $1,750.00 
WILTRON 647M Programmabla Sweep Generator, 

10 MHz-20 GHr, +10 dBm . .. $4,500.00 
WILTRON 67178-20 Freq. Syntn Swneper 10 MH2-8.4 GH2, 

+13 dBm, AM, FM e $6,500.00 
POWER METERS 
BOONTON 428/41-4E Analog Power Meter, 

wath 1 MHz-18 GHz sensor _. $450.00 


HP 4358/8481 A Power Metar, -30 10 420 68m, 


10 MHz-18 GHr.... $900.00 
HP 4364-022/8481A Powar Metar, 20 to +20 dBm, 

10 MHz-18 GHz, HPIB ... ae . $1,200.00 
HP 6368-022/8482A Pawar Motor, -30 10 +20 dBm, 

100 kHz-4.2 GHz, HPIB cea $1,200.00 
HP 436A-022/8424A Power Mat 

10 Mitz.18 GHz, HPIG .. $1,200.00 
HP 4368-022/8485A Powar Mater, 3010 +20. dBm, 

0 MHz-26 5 GH2, HPIB ... - $1,500.00 
HP BATA Power Meter Calibrater, tor HF 492 sarias .. $400.00 
HP QO4BGA Powor Sonsor, 23.0-50 0GH2, 

WAZ2, for 4356/7708 - $1,500.00 
HP AB-186A WA26 Powor Sansor, 26.5-10 GHz, 

for HP 45/0/78 $1,800.00 
AF MILLIVOLTMETERS 
BOONTON 92C AF Milivoltmotar, 4 mV-3 V Es. 

10 kHz-1.2 GHz - $500.00 


HP K422A WRA2 Flat Broadband Detector, 


16 0-26.5 GHz . $350.00 


HP K5324 WAS2 Frequoncy Meter, 18.0-26.5 GHz $450.00 
HP K7S2A WA42 Directional Coupler, dB, 

18.0-265 GHz... ie $450.00 
HP K7S2C WR42 Directional Coupler, 10 48, 

18.0-26.5GHz $450.00 
MP 1C752D WAL? Directonal Coupler, 20 dB. 

180-26 5GHz $450.00 
HP KB70A WRA2 Slido Scraw Tunor, 18 0-26 5 GHr $275.00 
HP K914B WR42 Movng Load, 18 0-26.5 GHz .... $300.00 
HP Q752D WA22 Directional Coupler, 20 8, 3350 GHz $650.00 
MP 422A WR26 Crystal Deloctor, 26.5~10 GHZ $400.00 


HP A752D WR28 Diroctional Coupler, 20 dB. 26.5-40 GHz . 
HP R914B WR28 Moving Load. 26 5~10 GHz... 
HP V265A WANS Isolater, 25 dB, 50-75 GHz 
HP V752D WA15 Directional Coupler, 20 dB_ 
HP X870A WA90 Slido Screw Tuner ... 
HUGHES 45322H-11 10/1120 WR22 Dxecsoral Couplers 

10 of 20 GB, 33-50 GHz 


33-50 GHz 


50-75 GHz 
HUGHES 45721H-2000 WA28 Diroct Reading Attenuator, 


0-50 oB, 26.5-40 GHz ... - $1,000.00 
HUGHES 45722H- 1000 WRZ2 Direct Roading AMtenuator, 
0-S0 dB, 34-50 GHz .. .. $1,000.00 


HUGHES 45724H-1000 WATS Ditect Reading Anonuator, 
0-50 dB, 50-75 Ghz . oreevrvavmere $1,000.00 
HUGHES 45722H-1200 WR22 Lovel Sat Atenuater, 0-25 dB, 


33-50 GHz wovveneenes $250.00 
HUGHES 45752H-1600 WA22 Direct Reading Phase Shifter, 
0-266 don 30-50 GHz... $1,400.00 


HUGHES 45772H-1100 Wi 
-20 to +10 dBm, 39-50 GHz... 
HUGHES 48775H.1 100 WA19 Thormiater Mount, 


$400.00 


HP 37204A-009 HP1B Exlander, fibre-optic connection 
“NEW QLD STOCK: .. 
HP 59401A HPIB Bus Analyzer . eae ay 
TAMPA MICROWAVE LAB SUCIW-02-W-CST Ku band 
Upeonvariar, | Watt 14.0-14.5 GHz WA7S "NEW" ._ 
TEK 1411f PAL Gen..wiSPG12 sync. TSG11 color hars: 
TSG13 tinearity 


TEK 14149 PAL Tost Gon., w/SPG12,TSG11,TSG13,TSGI5, 
TSG16 Se 
TEK 1411A PAL Test Gen, wiSPG12,TSG11.TSG12.TSG13, 
TSG15.TSGi6 $1,100.00 
TEK 1411R-opt.04 PAL Test Gen..wi 
SPG12,TSG11,TSP11,TSG13.TSG1S.TSG16 __ 
TEK 147A NTSC Tost ‘Signal Ganerator, 
with noise test signal vermin 
TEK 148 PAL Inserton Tost ‘Signal Generator 
TEK 520A NTSC Veciorscope .. 
TER 521A PAL Vectorscopa 


EGG / PA.R. 530215916 Lock4In Amplifier, 
100 mtz-1 MHz. GPIB S222 

FLUKE 21804 RTD Digital Thermometer 

HP 89007A HPIB VHF Switch 

PAA. S206-95,99 Two-Phase Lock-in Amp. 2 Hz-100 RHE, 
GPIB 

‘TEK TMSO03 £000-ceriaa 9 slot Programmable 
Power Modulo paneer 

TEK TM50068 5000-soriaa &-slot Programmabia 
Power Modula _. 

TEKTM504 500-sarles Power Moduta .. 

TEK TMS06 500-serlas €-stot Power Modula . 

TEKTMS15 500-seriaa S-slot Troweller Power Machile 


$450.00 


eres $500.00 
$175.00 

.. $250.00 
$250.00 
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by Gordon West 


It has been over a year now since the 
amateur radio service was restructured 
by the Federal Communications 
Commission (FCC). In the 15 months 
after restructuring, ham operators are in 
almost unanimous agreement about the 
hobby getting back on track with yearly 
positive growth figures. 

“All license classes show a dramatic 
30 percent growth immediately after 
restructuring,” comments Julian Frost 
N3JF, an amateur radio Morse Code 
instructor. 


“When code requirements were reduced , 


from 20 and 13 wpm down to 5 wpm for all class- 
es of license, my 5 wpm code classes were an 
instant sellout,” adds Frost. “Amateur radio is 
now a very healthy hobby,” adds Frost, remind 
ing us that prior to restructuring, most of the 
amateur radio classes were steadily dropping in 
numbers. 


THE RESTRUCTURING PROCESS 


The FCC is required to review all of their reg- 
ulations applicable to praviders of telecommuni- 
cations service, and must determine whether any 
rule is no Jonger in the public interest as a result 
of meaningful economic competition between 
providers of telecommunication services, and 
whether such regulations should be deleted or 
modified. 

In 1998. the amateur radio service came 
under FCC study in an effort to eliminate unnec- 


A typical VHF/GHF dual band mobile ham radio. 
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Ham radio 
email is free! 


This ham set does double-duty to display closed circuit 
TV images, too. 


essary and duplicative rules, as well as to stream- 
line the licensing process. And during their two- 
year review, the FCC received thousands of com- 
ments fram hams and non-hams on how the 
service might be restructured to keep it viable, 
exciting, and in step with today's technology of 
satellites, computers, email, and video imaging 
over the Internet. Many commentors said that 
amateur radio can do all of this, and without 
wires! 

In December 1999, after studying all of the 
thousands of comments that came in from ama- 
teur radio operators and amateur radio organiza- 
tions throughout the country, the FCC substan- 
tially simplified and streamlined the amateur 
service: 


A. Reducing the number of license classes 
from six to three — 
Technician, General, and 
amateur Extra class. 
Holders of Novice and 
Advanced class, and 
Technician-plus class 
licenses would keep their 
present privileges, their 
present call sign, and their 
present license class for as 
long as they continue to 
renew their license. 

B. Three writlen exams 
— 35 questions for 
Technician, 35 questions 
for General, and 50 ques- 
tions for amateur Extra. No 


more testing for Advanced class or Novice class, 

C. The emphasis on Morse Code would be 
reduced to the minimum 5 wpm examination 
rate that would satisfy the International Radio 
Regulation (IRR) which calls for manual telegra- 
phy proficiency at 5 wpm when operating on the 
high-frequency ham bands. 


“Since those revisions became effective in 
April 2000, over 30,000 amateur operators have 
qualified for amateur service licenses that will 
now authorize greater operating privileges,” 
states the Commission. An example of this 
would be middle-aged Technician class operators 
who tested for their Technician license prior to 
March of 1987. Now that General and Extra class 
code speeds are the same 5 wpm, these older 
“grandfathered” Technician class operators hav- 
ing originally passed all the required written ele 
ments for General may now apply for General 
class operating privileges. No further code or 
theory test required for grandfathered Techs 
prior to March of 1987! 

The new restructuring rules would now give 
General class and Advanced class operators an 
easy path to Extra class — take only one more 
written examination, and no 20 wpm code test 
required, Thousands of General class and 
Advanced class hams immediately hit the books, 
and upgraded to Extra class within a year, 

To non-hams, the amateur radio service 
would now be easier than ever to enter because 
a single Element 2 Technician written exam 
would get them on the air with voice, code, data, 
and video privileges on all bands from 50 MHz 


Table 1: Current Amateur License Classes and Exam 


Requirements 


(Effective April 15, 2000) 


License Class 
Technician Class 


General Class 3 

Extra Class 4 
examination. 
score is 37 que 
correctly (74%). 

Morse Code 1 


Table 2: Previous Amateur License Classes and Exam 


Requirements 
(Prior to April 15, 2000) 
Grandfathered 
License Class Exam/Test Elements 
Novice Element 2 & Element 1A 
Technician Element 2 & 3A 


Technician-Plus Element 2, Element 3A, 


and Element 1A 


General Element 3B & Element 1B 30-question written examin 
ation 13-wpm code test 

Advanced Element 4A 50-question written examin- 
ation (No additional Morse 
code requirement) 

Extra Element 48 & Element IC 40-question written examin- 


ation 20-wpm code test 


and up. Since the Novice test was eliminated. the 
Technician entry-level license was now twice as 
easy or half as long to pass! 

The new rules effective April of last year also 
opened up the worldwide bands to RVers and 
sailors wishing to put high-frequency, skywave 
communications in their vehicles and boats, and 
drive off or sail off to regions in the world without 
cell phone coverage, and still be able to stay in 
touch with friends back home. No longer would 
the General class cade test at 13 wpm be the bar- 
tier for this worldwide license — at 5 wpm, the 
Morse Code speed is so slow that an applicant 
could actually write down the individual dots and 
dashes, and then go back and fill in the copy 
before their paperwork is graded. Code test 
guidelines by the volunteer examination coordi- 
nator system allow enough margin for error 
where 7 out of 10 correct answers about the 
copy you have written down means passing the 
Element | code exam at 5 wpm. You could alsa 
show 26 letters in a row copied correctly after the 
cade test is over, and you even have a minute or 
so to go back and spruce up your 26 letters to 
insure the plain language text is all spelled car- 
rectly. 

If you have learned the code by memory, but 
have a hearing deficiency that won't let you hear 
the difference between dots and dashes, there 
are still ways to get through the 5 wpm Morse 
Code exam. While there are no more waivers to 
get you out of the code test, Morse Code sending 


Exam Element Type of Examination 
2 35-question, multiple-choice written 
examination. Minimum passing 
score is 26 questions answered 
correctly (74%), 


35-question, muhiple-choice written 
examination. Minimum passing 
score is 26 questions answered 
correctly (74°). Also requires 
assing Element | Morse code test. 


50-question, multiple-choice written 


ns answered 


Demonstrate ability to receive 
Marse code at a 5word-per-minute 
rate. {See Chapter 4 for more infor- 
mation and an example test.) 


Type of Exam|natlon 
35question written examin- 
ation, 5wpm code test 


65-question written examin- 
ation in two parts (35 
Element 2 plus 30 Element 
3A questions) (No Morse 
code requirement) 


35-question written examin- 
ation, and 30-question writ- 
ten examination, and 5 
wpm code test 


The SG-2020 
Now with ADSP 


lum passing 


SG-2020 ‘54-2020 (DSP 
Cat 305-01 Cat e0sa2 
$675.00 $798.00 


Adaptive Digital Signal Processing 


Eliminates Noise for Unsurpassed Signal Quality 
For the first time ever, the popular SG-2020 Is available with optional digital signal pro- 
cessing. Receive clearer AM, FM, SSB, CW at ail speed Ievels and data in all existing 
different modes. No other machine under $800 even comes close to the many features 
of the SG-2020 ADSE. 


When you need a great little IE-SSB rig, choose the standard SG-2020. Or, for the clearest 
possible signal, the new $G-2020 ADSP is the right unit for you. 


Find out what everyone is talking about! 


Get free QSL cards, and download the manual at 
www.sgeworld.com 


Tall Free (500) 259-7351 © Tel (125) 716-6310 © Fas (425) 46-6481 © Email spcG sgra neh comm 
Mating PO Bat 3526, Bellecue, 3 9800) « Shipping 14757 SE 20th St Bellevue, WA 9S0I5 LS4 


. Clrete 481 on the Reader Sarvice Card, 
is an option, as well as 


the examiner starting 
and stopping code sending to help 
make up for your hearing handicap. 

All amateur radio examinations 
are now conducted by three accredit- 
ed volunteer examiners; and if you let 
them know in advance that you are 
coming with a doctor's statement 
about your hearing deficiency, they 
might be prepared to substitute a 
cade-sending test as an alternate way 
for you to demonstrate to them that 
you have mastered the Morse Code to 
the best of your capability. 

Even more good news about all 
amateur exams — there are no secret 
questions or multiplechoice answers 
on the test you will take. 


Ham signals 
from Alaska via 
ham satellites. 


Element 2 — Technician class 
Element 3 — General class 
Element 4 — Extra class 
Element 1 — 5 wpm Morse Code 


Study books written ina Q&A 
format with an explanation of each 
correct answer are available at any 
RadioShack store throughout the 
country, and at most amateur radio 
dealers. You can also doublecheck 
your study process by going to the fol- 
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4U{UNm 


AMATEUR\RADIO! STAT. 


The United Nations ham station in New York 


on the air. 


lawing web sites and taking a sample ham radio 
test for either Technician, General, or Extra class: 


-www.hamtest.com 
«www.webexams.com 
-www.gr2.cam 


Locating an examination session near you is 
easy by lagging anto the American Radio Relay 
League (ARRL) web site at www.arrl.org/. 


At the ARRL web page, you will find ham 
tadio news bulletins, a ham radio hamfest calen- 
dar of weekend gatherings, your examination 
schedule, and some of the latest excitement out 


Here Is a ham who listens to three radios at 
once in his vehicle. 
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there on the airwaves. You can also receive by 
mail a big “welcome wagon” ham radio package 
containing everything you need to know to get 
started in your study by contacting the American 
Radio Relay League at 1-800-326-3942, or email 
to newham@arrl.org. This package will also list 
local examinations near where you live, as well 
as ham class schedules maybe only a few miles 
away. 


ON THE AIR WITH HAM RADIO 


There have been plenty of technological 
changes that have helped the ham radio service 
go from a slight decline to a major increase. An 
example of ham excitement is the 
International Space Station whose 
crew are almost always licensed as 
amateur operators in the sky. The 
Space Station operates in the auto- 
mati¢ digital modes, so you might 
exchange messages with them on a 
computer hooked up to a tiny two 
meter base station or mobile. 

Imagine the thrill of being able 
to talk directly to an astronaut with a 
little handheld FM two-meter trans- 
ceiver as they “just” happen to be 
passing overhead. The conversation 
may only last a maximum of nine 
minutes, but if the frequency is not 
crowded, a little three watt handheld 
can be a real exciting space talker. 

The astronauts regularly sched- 


Kids have fun with ha 


m radio as part of Scouting. 


ule ham communications with schools. On the 
ARRL web site, they may have a schedule of 
upcoming schools talking to the International 
Space Station, and directions on what it takes to 
get your local school on the air with the astro- 
nauts. 

For sailors and RVers going to remote parts 
of the world where there is little commercial com- 
munications capability to the phone system, 
imagine the benefits of amateur radio out on the 
ocean tied into your computer, and sending and 
receiving free emails from your friends back 
home. And each time you may check into a 
mobile marine or RV mobile net, the net control 
statian might log you onto a web site where 
friends can track your progress across the coun- 
try, or across the oceans. 

Amateur radio repeaters number in the thou- 
sands across the country, placed high on hills, 
mountain tops, and buildings to extend the range 
of low-power handheld transceivers. If you are 
into Scouting, there is just about nowhere in 
North America that you could go and nat be able 
to make contact through a ham radio repeater to 
another station up to 100 miles away to call out 
for help, or just ta say hello. 

We also have low-earth-orbit space 
repeaters, too, making for exciting handheld 
contacts with other stations up to 1,500 miles 
away just by aiming a small two-band directional 
antenna up in the air as you track the spacecraft 
carrying ham radio (OSCAR) coming up from 
the horizon and a few minutes later disappearing 
over the horizon. 


This ham operator uses a big TV and 
camera to enlarge the display screen for 


Jhis failing eyesight. 


In rugged Alaska, this type of communica- 
tion over ham frequencies is an everyday deal, 
with a couple of passes in the morning, and a 
couple of passes in the evening capable of 
extending your handheld range for thousands of 
miles back to the States. 

The typical price for a two-meter ham radio 
handheld, also capable of tuning in weather and 
marine channels, is around $125.00 brand new. 
For a dual-band handheld covering two meters 
and the 440 MHz band, pricing is about $225.00, 
You could add a video communicator with any 
one of these handheld radios and send crystal- 
clear calor images over the airwaves without 
needing to go to the internet. 

For the worldwide bands, a larger ham radio 
transceiver (transmitter and receiver all in one 
nice, neat package) is available, new, for a little 
ever $700.00. And for around $500.00, you 
could buy a small, low-power, battery-operated, 
worldwide ham set including the VHF and UHF 
bands, too, and set up on a mountain top or 
dawn at the jake. and let a solar charger keep 
your batteries on the air for hours at a time, chat- 
ting to the world on General class frequencies. 

Ham operators can also send live NTSC tel- 
evision pictures over the UHF 430 MHz airwaves, 
ideal to back up disaster communications with a 
real live look at what is happening fram a heli- 
copter view in the sky. Many public safety agen- 
cies are quickly seeing how ham radio can serve 
them in times of emergency. Best of all, the ham 
Operators come free. 

More goad news — pricing for amateur radio 
equipment has not increased over the last 10 
years, and most equipment has almost doubled 
in the number of channels ar bands it could oper- 
ate. The features are up, with no additional 
increase in cost. Three of the largest amateur 


tadio showroom/catalog sellers — Ham 
Radio Outlet, Amateur Electronics Supply, 
and Universal Radio — all report that ham 
sales are up, ham interest is high, and more 
and more newcomers are lagging onto their 
web site to drool over all of the neat ham 
tadio transceivers pictured and specked: 


+www.universal-radia.com 
+www.hamradio.com 
“www.aesham.com 


SO HOW DO I START? 


Spend $12.00 for book #1, Technician 
class, at any RadioShack store, or on-the- 
web, or at a ham dealer. Begin reviewing 
the relatively easy Technician class ques- 
tion pool, and make contact with the 
Leaque to follow up on where you might 
lake your first entry-level test. You can also 
ca!l 1-800-669-9594 and tell them you are 
teady to take a test in your neighborhood. 
They will ask for your zip code, and then tell 
you your local ham ambassador contact 
who will welcome you to a club test session, 
or a hamfest test session, or a local testing 
opportunity at their club ham station. 

Then get on the air on the two-meter 
band, and make friends with hundreds of hams 
that will tell you about local club meetings, spe- 
cialty clubs for your particular hobby in ham 
radio, a local ham radio hamfest gathering, and 
maybe some on-the-air nets where your two- 
meter signal gets tied into the Internet, and 
comes out somewhere in Europe on another 
ham radio system. 

Yes, restructuring has made the amateur 
radio service more appealing than ever to kids, 


Gordo looks 
over a rather 


large 


worldwide 


ham antenna 


adults, and those ready to retire but not wanting 
to give up the gift of gab with other ham opera- 
tors sharing the same interests. For sailors out 
on the high seas, ham radio may be their only 
radio lifeline for help in case of distress. For hik- 
ers, ham radio tied into a GPS may let someone 
else tell them exactly where in the world they are. 
For me, | will enjoy working you over my 
radio system out on the ainvaves. The new 
restructured ham radio — it is fun! Join us! NV 
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ber having to cross the 
room to adjust the vol- 


ep .. I'm a real man, alright. | live in the great state of 
Texas, | drink milk right out of the carton, | leave the toi- 
Jet seat up and, of course ... | have five remotes to run the 
electronics in my entertainment center. 

Since I've got all these remotes and one more — as they say here 
in the south — "ain't no big thang ..." | thought I'd play with decod- 
ing IR commands with a BASIC Stamp so that | could contro! more 
than the entertainment center fram my couch. Now let me admit 
tight up front that the cade I'm presenting here is based on the work 
of one of my Parallax colleagues, Andy Lindsay. Andy is one of those 
incredibly enthusiastic guys who is like a bulldog when solving a 
problem and his enthusiasm is infectious — he's like the Pied Piper 
of hardcore Stamp programmers. Andy's done a lot of work with IR 
decoding and has created some really neat projects that use his 
techniques. 

A few months ago, Andy showed me how easy it is lo decode 
the Sony IR protocol with a standard Stamp 2. Easy, but consumes 
a fair chunk of variable space to do the decoding. What | thought 
I'd try to do is use the speed af the BS2sx and BS2p to do more 

detailed decoding while using 
IR Ginfrared) remotes fewer variables — a precious 
resource for the Stamp. Thankfully, 


have become as com- it warked and I'm here ta show 


you how. Our purpose, then, is to 
build a framework for IR remote 

control applications. What you 
and cellular phones — contro! is up to you {I'll point to 


4 couple examples on the web to 
they're everywhere eiteneu ideas) 


Understanding The Sony 
escape.{actually 1R Protocol (SIRCS) 
The Sony IR Control System 


have a small TV/VCR 
4 protocol (SIRCS) is serial, but not 
unit that has many like the serial signals we're accus- 
+ tomed to receiving with SERIN. 
functions that WON'T The typical serial signal begins 
work without the 


monplace as pagers 


and there is no 


with a start bit then (usually) has 
eight data bits and one or two stop 
hits evenly spaced in the packet. 


remote. | know some : 
The level of the bit determines its 


of you (youngsters) are value. 


b . The Sony protocol is pulse 
thinking, "Yeah ...S0 coded; the width of a bit deter- 


s mines its value. The start bit is 2.4 
what. dude?" Well, evs en : 


mS wide, a zero bit is 0.6 mS wide, 

and a one bit is 1.2 mS wide. Every 
there are more than a bit is followed by a rest period of 
few ofusthatremem- 9-6 mS. There are 12 bits in the 
packet: the upper five for the 
device code, the lower seven for 
the unique command. (Note: 
Internet resources indicate that 
there are also 15- and 20-bit ver- 
sions of the protocol that are 
beginning to appear in high-end 
television and video equipment.) 
When a key is held down, packets 
are repeated with a 20 to 30 mS 


ume or change the 
channel. Yes, the tele- 
vision stone age. 
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CONTROL FROM THE COUCH 


break between them. ‘ 
It should be clear by naw that we can't use SERIN for this, so 
how are we going to read the Sony IR code? 


Decode ... Decode ... 


The idea is easy and so is the process. We're going to monitor 
the output of an IR detector and measure the width of output puls- 
es. Lucky for us, the Stamp's PULSIN junction is specifically 
designed for this purpose. Bit by bit, we'll build a packet. Once we 
find a start bit, we know that the next 12 bits are the meat of the 
packet and we can grab them. The BS2sx and BS2p are fast enough 
to decode the value of the last bit before the next one arrives (the 
BS2 isn't). This allows us to use just one word-sized variable to do 
pulse measurement (the BS2 requires a separate variable for cach 
bit). 

: Hardware for IR detection is very simple: just connect an IR 
detector module to Vdd, Ground, and an available Stamp pin. ! test- 
ed these programs with a 40 kHz detector (Sharp GP1U52X) from 
RadioShack (#276-137) and the 3B kHz detector (Panasonic 
PNA4602M) that is available from Parallax (#350-0001 4). The Sony 
specification is for 40 kHz modulation but | found that the 38 kHz 
detector worked just as well. Figure 1 shows the connections. 


45 
t 
s E belo ) 
Pints L 
Panasonic PNA4602M Sharp GP1U52X 


The Code ... The Code ... 


Okay, then, let's make it work. The code in Listing 1 is a gener- 
al-purpose Sony IR scanner. This program will monitor the IR detec- 
for output and display a code as it is received. The absence of a key 
is indicated by the constant value $FFF. This program has a repeat 
timer/counter so we can deal with a key that is being held down. 

Take a look at the constants section first. You'll see the declara- 
fions StartWidth, BitOWidth, and Bit) Width. These may !cak a little 
funky considering the specifications we just talked about, so let me 
explain. The PULSIN function on the BS2sx measures the width of 
a pulse in 0.8 uS units. This means that we have to multiply the 
PULSIN result by 0.8 to convert it to microseconds. That's what 
we're doing here — just the other way around: we divide microsec- 
ands by 0.8 to gel our expected result value. 2400 uS (2.4 ms) divid- 
ed by 0.8 is 3000. So why is the start bit width for the BS2sx set to 
2700? 

In my experiments (with supplemental file IR_-ANALYZE.BSX), 
I've found that every remote | tested outputs bits wider than the 
specification, but | didn't want to risk missing a start bit on a remote 
that may be tighter. So what | did is scaled back the start bit width 
by 10% (3000 x 0.9 = 2700). This width is far wider than the "1" bit 
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spec (1500) so there is no danger of false triggering. Note that the PULSIN 
period for the BS2p is 0.75 uS. This accounts for the slight difference in con- 
stant values. 

There's another important constant value, BitTest, that is actually calcu- 
lated from the width of a zero bit. As we get into the heart of the code, you'll 
see that what we're actually going to do is look for anes. If a bit isn't one, it 
must he zero. Our test width is 150% of a zero bit and yet, still shorter than 
a“t.* Let's go look at the Scan_IR subrauline to see how this works. 

The routine starts by assuming a key isn't pressed and setting the irCode 
variable to SFFF (constant value NoKey). Then we wait far a start bit by using 
PULSIN. The output of the IR detector is active low, hence the IsLow (value 
= 0) declaration in the PULSIN function. The next line will cause the routine 
to ferminate if no bit arrives before PULSIN times out (52 mS for the BS2sx). 
This line probably looks a little funny: using BRANCH with only one address. 
I's the same as 
IF irStart = 0 THEN IR_Exit 
but works a little faster. Speed is important in this routine. 

\{ we do receive a pulse, it is checked by g it by the constant 
value, StartWidth. If the bit is a zero ar one, dividing its width by the start 
bit width will rewurn zero (remember that the Stamp uses integer math and 
division returns whole numbers) and the BRANCH command will force the 
Program to look for another bit. When we do receive a start bit, the division 
will return one and we'll fall through the BRANCH and start collecting our 
data bits. 

The next section warks similarly: Measure a bit and calculate its value. 
We're using the value BitTest as our divisor here and BitTest is 150% of a 
zero bit. When we do receive a one bit (which is wider than BitTest), the 
division will return one, otherwise it returns zero. When you look at the 
(redundant) code that receives the bits, you may be tempted to put it into a 
loop and save a bit of typing. Don't ... it won't work. | know because I tried 
every trick in the book and a few that aren't. The timing overhead required 
to deal with a loop and variable indexing is just too slow and prevents 
decoding the packet properly. 

Now that we have a decoded packet, let's go back to the main section 
of code and see what's happening. 

The first thing we do is check to see if the key we just received is the 
same as the last one. If not, we'll clear the repeat timer and show the key 
value. The DEBUG output section will show the key value as three HEX dig- 
its and separated into its five-bit device code and seven-bit command cade 
(the HEX values for these numbers are displayed on the next line). 

When a key is held down, the program goes to Key_Timer before the 
display. If a valid key has been pressed, this section increments the key timer 
variable. What this does is let us control the key repeat rate. The actual sate 
is a function of the overall program loop timing multiplied by the KeyDelay 
constant value (which must always be greater than Q). In practice, we'd 
check to see that the keyRepeats value is zero before dealing with the key. 
A zero value means the key was just pressed or it has gone through the key 
repeat timing delay. 

Figure 2 shows the out- 
put fram the program when 
the VCR Fast Forward button 
is pressed. If you press a TV 
remote button, you'll get a 
device code of $01. The 
remote for my Sony video 
camera outputs a device 
code of $19 for VCR func- poi1100 0a 
tions and $14 for camera | | 1¢ 
functions 


=] om Com Cris 
© Ri_0 DSA OCIS 


Conmand. 


Rprs 


Going Remote 


If you don't have a Sony 
(or compatible) remote, it's 
nat a problem. Just pop into your local discount store and get one of the 
generic multifunction models. It'll cost somewhere between $5.00 and 
$10.00. You need to get a remote that lets you manually program it (by 
entering a manufacturer's device code}. In our techno-phobic world of "! 
can't program my VCR ..." many remotes simply scan an internal table (while 
you're pointing it at the target device) until the device turns on or off. This 
won't work for us. 1 bought a Magnavox multi-function remote at WalMart 
for $9.00. {t let me set the TV and VCR buttons for Sony products. 

Interestingly, the VCR buttons (Play, Rewind, Fast Forward, etc.) still 


* Listing 1 
' Nuts & Volts, August 2001 


— | Title ]------------------------------------—-- wo aaa enna n a 
IR_SCAN12.BSX 

. IR Remote Scanner / Reporter 

- Jon Williams (based on work by Andy Lindsay) 

« qwilliams@parallaxinc.com 

23 MAR 2001 

. 06 JUL 2001 


‘ | SSTAMP BS2sx ) 


4 { Program Description ]- Sas 
' This program monitors an IR detector mcdule and deccdes the 12-bit Sey 
* IR pratecol (SIRCS). When a key is detected, it’s 12-bit cree is 

* displayed on the DEBUG screen and separated into device amd cesrard 

’ codes. 

' No key pressed is indicated by code $FFF. 

' 


the KeyDelay value to change the auto-repeat response. 
this value, the longer the delay repeats of the same key. 


Revision Histery |~---------------~--=---~-------~--------------- 
2001 : Original program developed for IR testing with BS2p 

2001 : Improved IR sean routine to 12 bits 

2001 : Improved display to show device and cemmand codes 

I/O Definitions ]---------------~---------~-~--------------------- 


IR pin CON 15 


IsLow CON a 

IsHigh con 1 

Nokey CCN SFEF ’ no IR key 

KeyDelay CON 5 * loops for "new" key { >0 } 
Starthidth CON 2700 * width of IR start bit (BS2sx) 
Birdwidth con 7s0 * width of IR zero bit {BS2sx) 
Bitiwidth con 1800 * widht of IR one hit (BS2sx) 
*Startwidth CON 2980 ’ width of IR start bit {BS2p) 
‘RitdWidth CoN 800 * width of IR zere bir (BS2p) 
‘BatlWidth CON 1600 * widht of IR one bit (BS2p) 
BitTest CON BitOWidth * 3 / 2 * test width -- leak fer l's 
LF cON 10 * linefeed character 

* —--—[ IR Codes ]~-~------~-----~----------~-------~-----~-----~--------- 
’ 

’ Generic Sony IR remote codes (not a complete list) 

IR1 CON $080 

IR 2 CON $082 

IR 3 CON $092 

R4 CON $033 

IRS CON $084 

IR 6 CoN $085 

IR7 CON $086 

IR-8 CON $087 

IR_9 CON soge 

IR_0 con $089 

IR_Enter CON soap 

IR_ChUp cOoN $090 

IRChDn con soa. 

IR VolUp CON $092 

TR_VolDn CON $093 

TRMute CON $094 

IR Power CON $095 

f esos5 Variables) 22s ee te lar a as 
irCede VAR Word * returned code 

lastCode VAR Word * Jast returned code 

irStart VAR ford * widrh or IR start bit 

irBit VAR irStart * width of IR bit 

keyRpts VAR Byte * repeats af current key 
device VAR Byte * upper 5 bits of irCode 
command VAR Byte * lower 7 bits of irCede 
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[ Initialization ]=—+-—---———_- === ss 


STAMP APPLICATIONS 


i t 
Basic Stamp Users is CONTROL FROM THE COUCH 


Brogtam PiCmicros In BASIC from Windows 1 
1 Ow quiyte ins Boas Corpie: Ful Bac 
Sara 2 Compsibs ty ! Srrcng at $98.85 
@ ee, LED. RS-232. Pw 
Ezay Access la AD, UARTS 


Pay 2 email un trond fea and in long tarm coat 
$5 69 par PiCmicro va. $50.00 par stamp? 


See Say + gene ree ov Pee 


Getting Started Kits 
Prngrammng PiCmoca has never been eazer! 
Ailes Gomme ihe carytietg I gel etaetad | Text code 
ranges onte-fy mmol Unplug ng or ewichng 
cation rou | Siseng at $159.05 


Wiles Include: 
Picreon BASIC Como’ar 
Pore 


a 


Beaer Supply 
Deve'coment Bowd 
Nate & VoRa special -Faa!PIC 18 Combe Only 
$179.95 with mantian af thia ad! 
PICmicro Tools 


work when the remote is in TV 
mode. The device code af $0B 
indicates the VCR device. The 
device code is useful for keys thal 
ate common to both, like the 
channel changer and numeric keys. 
We can take advantage of the 
unique device code in our own 
projects, 


Wodews (DE 
Urcsmted Code Sure 
fea Marg $30100 Vodules 


Take A Number, Buddy 


The first few IR control pro- 
grams | wrote simply used the 
channel up and down buttons to 
change a program variable. Then | 
saw one of Andy's IR controlled 
BOE-BSots. Andy could tell the BOE- 
Bot — through the IR remote — 
how far to move. He entered the 
movement value using the 
remote's numeric keys. This was 
way too coo! to ignore. 

Listing 2 is my generic version 
of the numeric input, updated for 
the BS2sx and BS2p. Since this pro- 
gram only cares aboul numeric 
keys, we can ignore the device 
code in the packet and scale our 
input variables down to bytes. This 
saves a bit of variable space. 

When the program runs, it 
asks you to press digits (up lo some 
maximum) and then [Enter]. This 
program forces a key release by 
making the repeat rate very large. 
When the key timer value is some- 
thing other than zero, the key is 
nol processed. This code takes advantage of us having been conditioned by 
the operation of other remotes. If you do hold the key, it will eventually 
repeal. Human nature will cause you to release it and press again to repeat 
the digit. 

Okay, let's analyze the heart of the program by slarting with a valid 
number key. Since the key is not [Val-] and not [Enter], the program will 
make its way to this line: 


fee more products of ware Rasicmcro Gem 


ISB-PRO Progremmer 
PiCmrcron - Seores SX -12E - Atmel 
1h craal oF on board ! Ferreara 
vogacatie! Orton ZF acagter 
Avteenie, Incides Wrdows IDE 
program software! Only $50.95 


Development Based a 
Bil n Selgerecs Eraxt Beara. 


In Sypetem Progr—atse (SP) 


State g at $7815 
Microcentraiiars mada exty! By Baste ticrn.com 


VISA + Master Card * American Expreas 
1-248-426-8144 Foe b 


teers bewemicr ene 


The purpose of this line is to ‘fix" the cade alignment of the numeric 
keys. The “1" key has a code value of zero while the °0* key has a cade value 
of nine, Adding one and taking the modulus {remainder of division) of 10 
takes care af correcting the alignment. The value in irCode now matches the 
hey that was pressed. 

The key is displayed on screen and the user's value is updated. Since the 
user value is a decimal number, we shift the old digits left by multiplying by 
10. Our new key is added after the shift to complete the update. 

li we make an entry error, we can correct it by pressing the [Vol] key. 
This key is used because it's typically a left-arrow key on the remote, just like 
the backspace key on a computer keyboard. When this key is pressed, the 
entry digit is erased by moving the screen cursor left with a backspace (8), 
then printing a space to remove the old digit, then printing another back- 
space to retum the cursor to the correct spat. We also havelto update the 
usrValue variable, This is a simple matler of dividing by 10 tq gel rid of the 
“ones” digit, 

You may have noticed that | set the MaxDigits value to four. This code 
doesn't do any validity testing, so allowing a five-digit value could result in 
erars. Ta see for yourself, change MaxDigits to five, then enter the number 
99,999, The entry area will show 99999," but the result in usrValue will be 
34,463. The reason for this is that the maximum value of a 16-bit (word) vari- 
able ts 65,535, so the usrValue gets truncated. 

If you'te interested in numeric input while still maintaining 12-bit code 
for device identification, dawnload the — supplemental file 
IR_LNUMBHER 12.BSX. 


's Up To You Now 


So what do yau want to control? The sky is the limit. At the Embedded 
22 Aweust 2008 Veris & Volts Magazine 


Initialize: ons are 
PAUSE 500 Listing 1 Continued 
DEBUG "BS2sx/BSZp Seny IR Scanner", CR, CR 
DEBUG “Raw Device do Rpts", CR 
DEBUG "--- --~== - - 

# ----- { Main Code |------------------—------+- ann nee nnn nn nnn n nee nen nnn 

Main: 
GOSUB Scan_IR * cheek for IR key 
IF (irCode = lastCcde) THEN Key Timer ‘* key is being held 
keyRpts = 0 * not held, reset tins 
GOTO Show _Key 

key Timer: 


IF (ixCode = NoKey) THEN Show Key 
keyRpts = keyRpts + ] // KeyDelay 


no key, ip timer 
updite the repeats timer 


Show_Key! 
lastCode = irCode 


save last key 


extract device cod 
extract command 


device - irCode >> 7 
command = irCode 4 $7F 


DEBUG Home, LF, LF, LF, LF 
DEBUG HEXJ irCode," 
DEBUG BINS device," ", 
DEBUG DEC2 keyRpts, CR 


BIN? command, ™ 


DEBUG " ", HEX2 device, 7 “, HEX? command 
Loop_Pad: 

PAUSE 50 ' pad loop timing 

GOTO Main 


w--+-{ Subroutines | 


* Receive and decode Sony IR cenmand 
Scan_IR: 


ir€ode = NoKey * flag value 


Wait_For_ Start: wait for start bit 


PULSIN IR_pin, IsLow, irStart Bs 
BRANCH ixStart, [IR_Exit) ' exit if no key down 
BRANCH irStart/Starthidth, [Wait_For Start] 


* This code MUST stay inline 
+ -= will NOT work in a loop 
PULSIN IR_pin, IsLow, irBit * decode 12 bits 
irCode Bit? = irBit/BitTest 
PULSIN IR_pin, IsLow, irBit 
irCode.Bitl] = 1rBit/BitTest 
PULSIN IR_pin, IsLow, irBit 
irCode.Bit2 = irBit/BitTest 
PULSIN IR_pin, IsLow, irBit 
irCode.Bit3 - irBit/BitTest 
PULSIN IR_pin, IsLow, irBit 
irCode.Bitd = irBit/BitTest 
FULSIN IR_pin, IsLow, irBit 
irCede.BitS = irBit/BicTest 
PULSIN IR_pin, IsLow, 1rBit 
irCode.Bité - irBit/BitTest 
FULSIN IR pin, IsLow, irBit 
irCode.Bit? © irBit/BitTest 
FULSIN IR_pin, IsLow, irBit 
irCode.Bit@ = irBic/BitTest 
PULSIN IR_pin, IsLow, irBit 
irCode.Bit9 = irBit/BitTest 
PULSIM IR_pin, IsLow, irBit 
irCcde.BitlO = irBit/BitTest 
PULSIN IR_pan,IsLow, irBit 
irCcde.Bitl] = irBit/BitTest 


Resourtes: 


Jon Williams 
3718 Valley View Lane, #304 
Irving. TX 75062 
(972) 659-9090 
ela\iunirscuele|Mele)nr 


Parallax 
599 Menlo Drive. Sulte 100 
Rocklin, CA 95756 
(888) 512-1024 
www.parallaxinc.com 


IP_Exit: 
PETURH 


Systems Conference in April, Parallax had several demos that used IR con- 
trol. | wrote the code for our neon sign (each letter was an individual neon 
tube and controller by a Stamp pin) and for a model train speed controller, 
You can find the code for these projects on the Parallax web site at this link: 


www.parallaxinc.com/html_files/resources/esc2001.htm 


Just keep in mind that cade was wrilten a few months ago and lve 
updated the BS2sx/BS2p IR input routine. If you're a BS2/BS2e user and are 
chomping at the bit (so to speak) to use an IR remote with your project, 
download the file “IR LED & 40 KHZ DETECTOR.PDF" from Parallax. This 
document was written by Andy and is full of great IR stuff for the BS2. You 
can find it at this link: 


www.parallaxinc.com/himl_files/resources/wknd_specials.htm 


Happy Stamping — from across the room or otherwise. NV 


STAMP APPLICATIONS — CONTROL FROM THE COUCH 


Listing 2 
Nuts & Volts, August 2001 


weeee[ Title }---------—-—--------------------------- 


File...... IR_NUMBER.BSX 
Input Number from Sony IR remote 


Author.... Jon Williams (based on work by Andy Lindsay! 
E-mail.... jwilliams@parallaxine.com 

04 JUL 2001 
Updated... 06 JUL 2001 


' { SSTAMP BS2sx | 


sessel[ Program Deseription. |-=42-¢----so5st esas aoa o ce cannon: 


This program accepts nuneric input from a Sony IR remote. This program 
uses only 7 bits {of 12 an the Sony protocol) for the IR code. 


Digits are entered from renote keypad. The Volure-down [Vol-] key acts 


like a backspace key to correct mistakes, Pressing [Enter] accepts the 
value. 


O05 JUL 2001 ; 
06 JUL 2001 


Version 1 tested and working 
: Added backspace editing 


IsLow CON 0 

IsHigh cou 1 

Hokey cou STE ' no IR key 

KeyDelay CON so * locps for “new” key ( >0) 
Starthlidth CON 2700 ‘ width of IR starr pit (BS2sx) 
BitOwidth con 750 * width of IR zero bit (BS2sx) 
BitlWidth con 1500 * widht of IR one bit (BS2sx) 
| ‘StartWidth CaN 2860 * width of IR start bic (BS2p) 
‘BitOhidth CCN E Tele} * width o£ IR zero bit (BS2p) 
‘BirlWidth ccn 1600 ’ widht of IR one bit (BS2p) 
BitTest Cot BitOWidth * 3 / 2 * test width -- look for l’s 
BS CON 8 * backspace character 
MaxDigits y 4 " width of input field 

i tatatated [ IR: Cedes: ]) === eeenneneenenmenensenmenenmeneenemesenemenenen nace 
* Generic Sony IR remote codes (7-bit; not a complete list) 

IRL CON $00 

(iR2 con $01 

IR 3 con $02 

IR4 con $03 

IR 5 CON $04 

IR_6 CON $05 

IR] coN $06 

IRE CoN $07 

IR_9 ON $08 

IR_O CON $09 

IR_Enter CON SOB 

IR_ChUp CON $10 

IR_ChDn CON $11 

| IR_VolUpCcn $12 

IR_VolDn CON $13 

IR Mute CON $14 

IR_Power CON $15 

 aeces[ Variables )~------~~---~--~ ~~~ nn nn nnn nn nnn nnn nnn 
irtede VAR Byte * returned code 

lastCode VAR Byte * Jast returned code 

irStart VAR Word * width or IR start bit 

irBit VAR irStart * width of IR bit 

keyRpts VAR Byte * repeats of current key 
numigits VAR Nib * digits entered 

usrValue VAR Word * entered value 

4 oe---{ EEPROM Data )- 


’ 


w----[ Initialization ]-—-——. 
Initialize: 

numDigits = 0 

usrValue = 0 


PAUSE 500 


DEBUG CLS, "Press digits (up to ,DEC 


* weee={ Main Code ]---------+---------- ae 


Main: 
GOSUB Scan IR 
IF (irCode = lastCode) THEN Key Timer 
keyRpts = 0 
GOTO Check Key 


Key Timer: 
IF (irCode = NoKey) THEN Check Key 
keyRpts = keyRpts + 1 // KeyDelay 
timer . 


Check_Rey: 
lastCode = irCode 
IF (irCode = NoKey) THEN Main 
TE {keyRpts > 0) THEN Main 


Check BS: 


IF {irCode <> IR_VolDn) THEN Check_Digit 


IE (numDigits = 0) THEN Main 
DEBUG BS," ",BS 

usrValue = usrValue / 10 
numDigits = numDigits - 1 
GOTO Loop Pad 


Check Digit: 
IF (irCode = IR Enter) THEN Show Value 
IF (numDigits = MaxDigits) THEN Main 
IF (irCode > 9) THEN Main 


irCode = irCode + 1 // 10 

DEBUG DEC] irCode 

usrValue = usrValue * 10 + irCode 
numDigits = numDigits + 1 


Loop_Pad: 
PAUSE 100 
GOTO Main 


Show Value: 
If (numPigits > 0) THEN Has Value 
DEBUG CR, CR, "No value entered.” 
PAUSE 1500 
GOTO Initialize 


Has Value: 


DEBUG CR, CR, “Your value was ", 
PAUSE 2500 
GOTO Initialize 


' Receive and decode Sony IR command 
* == dowmsized to 7 bits 
, 
Sean_IR: 
irCode = NoKey 


Wait _For Start: 
PULSINT TR_pin, IsLaw, irStart 
BRANCH irStart, [IR Exit) 


BRANCH irStart /StartWidth, [Wait For Start] 


’ This code MUST stay inline 
* -- will NOT work in a loop 


PULSIN IR_pin, IsLow, irBit 
irCode.BitO = irBit/BitTest 
PULSIN IR pin, IsLow, irBit 
inCode.Bitl = irBit/BitTest 
PULSIN IR_pin, IsLow, irBit 
irCode,Bit2 = irBit/BitTest 
PULSIN IR_pin, IsLow, irBit 
irCode.Bit3 = irBit/BitTest 
PULSIN IR_pin, IsLow, irBit 
irCode.Bit4 - irBit/BitTest 
PULSIN IR pin, IsLow, irBit 


irCode.BitS = irBit/BitTesc 
FULSIN IR_pin, IsLow, irBit 
irCode.Bit6 = irBit/BitTest 


PULSIN IR pin, IsLow, irBit 
irCode.Bit? = 0 


IR_Exit: 
RETURN 


| { Subroutines ]------------------—— 


’ reset digits entered 
* elear old value 


MaxDigits,"), then JEnter]: " 


check for IR key 
ey iz being held 
" not held, reset timer 


no key, skip ticer 
update the repests: 


save last key 
no key, go get one 
in repeat delay 


nothing to clear 

clear screen digit 
update user value 
update digit count 


no space for another 
not a digit 


correct digit value 
show digit cn serser, 
update user value 
update digit ccunt 


pad loop timing 


check for actual entry 


DEC usrValue 


flag value | 


wait for start bit 


* exit if no key dow | 


* decade 7 bits (command) 
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Amateur 


his month, |'ll continue the 

theme of self-education with 

capsule reviews of books 

useful to robot builders. This 
time, I'm going to cover hooks con- 
cerning biological models for robots. 
Mest robot builders don't have a 
background in biology (1 don't), so I've 
got Some recommendations to help 
you along on your journey. | also have 
a review of a favorite book thrown in 
for fun, and | close with detailed 
instrucdons for stripping down the 
X-Y tables used in the Heavy Iron 
project. 


Robota Incognita 


Robot builders are explorers on 
the margins of a vast, undiscovered 
country, a place that might be marked 
on maps as Robota Incognita. 

Unlike other fields of technical 
exploration, in Robata Incognita ama- 
teurs and professionals start on more 
nearly equal footing. Professional 
robot builders have more money and 
specialized knowledge than most 
amateur robot builders, but com- 
pared to fields like nuclear physics or 
oceanography, the differences 
between professional and amateur 
are minor. 

Amateur robot builders make up 
for being cash poor the way amateur 
explorers always have done: with ded- 
ication, frugality, and mutual assis- 
tance. But to bridge the second 
advantage the professionals enjoy — 
Specialized knowledge — you must 
thoroughly educate yourself. 

1 dan't mean you should quit 
your job and get a robotics engineer- 
ing degree; most likely you already 
come fram same sort of general engi- 
neering or technical background. 
With conscientious reading, you can 
gain what useful book knowledge 
there is on robotics. You still might 
lack the experience of building practi- 
cal robots, though — robots that do 
something useful. 

Only by building robots can you 
learn about robots. Because 
resources are always limited, you 
must gain the maximum knowledge 
you can from each robot you build. 
Nat every robot will be successful, so 
you must build as many robots as you 
can. 


Shoestring Robots 


The first step is to build robots of 
graduated difficulty and capability, 
recording all details along the way so 
others can follow. Most important, 
like any explorer, you should record 


your persenal journey to the frontier, 
even though it means at first describ- 
ing territory already known. Lewis 
and Clark did it, and so must you. 


You don't have ta build a 
sequence of 20 radically different 
robots; rather you might build, say, 10 
robots with only minor variations and 
successive refinements. Start with a 
simple robot, and document it with 
clear sketches and schematics. Add 
one improvement, and document 
that. 

Or refine your robot by remov- 
ing a subsystem and replacing it with 
a different or upgraded subsystem. 
For example, replace an IR range find- 


er with an ultrasonic range finder. 
There are many details different 
between the two, but they share the 
same sort of output, namely a mea- 
sure of range. From the start, design 
for subsystems to be swapped and 
upgraded. Your planned sequence of 
rabots to build is your strategy for 
exploration. 

What if experience with past 
robots (yours or others) tells you to 
incorporate a host of changes in your 
next robot? Rather than making a 
bunch of (possibly interacting) 
changes at once, you should take the 
most fundamental single change and 
build a new robot, the simplest one 


by Robert Nansel 


Robotics 


FIGURE 1. 
Enco #201-2536 
Heavy Duty Mill 

& Drill Table 


you can, around it. Then incorporate 
the rest as successive refinements 
one at a time. 

What I've just described is disci- 
plined engineering practice: keep a 
notebook, make one tweek at a time, 
learn fram your mistakes. Educate 
yourself by your own disciplined 
effort to map the territory and make 
it your awn. 


Learning from Nature 


The first and best teacher for 
designing mobile rabots has always 
been nature. Most robor builders out 
there already derive inspiration from 
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pobotStore 


oo 


biological systems, even if it’s only as 
vague as "I want my robot to be shy 
like a mouse” or “my robot should 
track che sun like a flower.” Don't 
underestimate the value of such sim- 
ple points of departure, but remem- 


Git adjustment vr 


ber also there's a vast treasure trove 
of knowledge in the biological realm 
that can inform your design work. The 
trick is knowing how to exploit spe- 
cialist areas of biomechanics, ento- 
mology, evolutionary biology, etholo- 
gy, Neuroanatomy, and even ecanom- 
ics and political science. 

If you are like me, your main 
expertise is not in any of the above 
fields. In college, 1 was too busy study- 
ing Laplace transforms and thermody- 
namics and electronics and program- 
ming to pay much attention to bugs 
— the creepy. crawly kind, not soft- 
ware variety. My knowledge of biolog- 
ical systems comes, therefore, purely 
from self study in the |S years since 
college. I've learned a lot of value to 


robotics design, but it hasn't been 
easy. There's a whole different world- 
view between engineers and biolo- 
gists, a different vocabulary and 
emphasis. Any time I've been able to 
find resources that help me translate 
biological arcana into nuts-and-bolts 
engineering, I've hung onto them, 
especially books aimed at the educat- 
ed layperson. 

If you've fallowed this column for 
a while, you know that I'm fascinated 
by insect locomotion, that of ants in 
particular, so the first cwo books I'll 
tell you about are about ants. 


Journey to the Ants 


In 1990, Bert Holldobler and 
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FIGURE 3. 
Bearing brackets 
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Edward ©. Wilson published cheir 
epic monograph The Ants (Belknap 
Press of Harvard University Press, 
Cambridge, 1990): 732 pages of ency- 
clopedic text, tables, and figures about 
myrmecology, the scientific study of 
ants, Though eminently readable (it 
won a Pulitzer), the book wasn't real- 
ly intended for the general reader. It 
costs $90.00 for the oversize hard- 
cover and weighs some 7.5 pounds, so 
it's not a book you would buy casual- 
fy and read cover-to-cover. But if you 
want a detailed survey of the field of 
myrmecology, this is the book. 

Most robot builders should at least 
know about the book, even though | 
can't recommend buying a copy. When 
it was first published, | was lucky 
enough to live near a library with a cir- 
culating copy, and | consulted it often. 
Cheek your local library; even if your 
library doesn't have it. odds are very 
good your librarian can get it for you 
chrough inter-library loan. You may have 
to wait a couple weeks, buc it will be 
worthwhile. If you like the book and 
feel you must have you own copy. | 
commend you to a good used book- 
store — who knows, you might get 
lucky and find a copy for, say. $45.00 US. 

The book | do recommend buy- 
ing, though, is journey to the Ants 
(Belknap Press of Harvard University 
Press, Cambridge, 1994) by the same 
authors. If The Ants is the encyclope- 
dia of myrmecology, fourney to the Ants 
is more a svelt travelogue; it is written 
in a crisp, confident style with a mini- 
mum of specialist jargon, and it posi- 
tively shines with the author's lave of 


If you have suggestions, 
questions, or comments about 
amateur robotics topics, you can 
now reach me at: 


Robert Nansel 
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their subject. Ie condenses the best of 
The Ants to a more manageable length. 
and at $17.00 US for the paperback, It 
won't kill your budget. 

You'll find 1S chapters on every 
aspect of ant blology and behavior, 
starting with che author's personal 
Journeys of study and ranging through 
an explanation of the amazing evolu- 
tlonary success of ants to the intri- 
€ate social organization and diverse 
habits of ant colonies. Best of all, 
there's a |6-page appendix on study- 
Ing ants on your own, how to collect 
ants, to build and maintain habitats for 
them, and to observe their behaviors 
first hand. If you are like me, 10 min- 
utes of informed observation of these 
fascinating creatures under a magnify- 
ing glass will send you to your note- 
books to furiously scribble down 
ideas for many, many robots. 


Ethology 


Ants are relatively simple animals 
with a small repertoire of hard-wired 
behaviors; an individual ant foraging in 
the wild has, say,a two-week life span. 
An ant's preprogrammed behaviors 
work well in many circumstances, but 
not all, and eventually i¢ will succumb 
to a situation for which it just wasn'c 
programmed (robot builders are all 
toa familiar with this aspect of robot 
behavior). 

In the plural, ants achieve cheir 
supurb adaptability from che emer- 
gent behaviors of the social interac- 
tions of thousands of them. While 
robots can benefit from emulating the 
biomechanical capabilities of lone 
ants, the crue power of emulating ants 
comes from emulaung their social 
structures, and that means building 
locs of rabots. Historically, few have 
had the money ro build the dozens ta 
hundreds of robots it would take to 
observe even rudimentary emergent 
behavior. That's juste beginning co 
change as the cost of robotics drops 
and interest in the possibilities of 
emergence rises. Still, most amateur 
robot builders are mainly interested 
in working with one robot at a time, 

For all cheir complex biology and 
behavior. ants are not the only ani- 
mals worthy of study by robot 
builders. To gain a more general 
understanding of animal behavior, you 
should study Ethology — the study of 
what animals do, how and why they 
do it, and the evolutionary mecha- 
nisms responsible.An excellent intra- 
ductary text on ethology is james L. 
Gould's Ethology: The Mechanisms and 
Evolution of Behavior (W.W. Norton & 
Company. New York, 1982). 

I've heard Gould's book was one 
of the standard references at MIT's 
mobile robots fab in the 80s and thus 
indirectly helped inspire Rodney 
Brooks and his students to create 
their subsumption architecture 


robots, For me, the chapters on neur- 
al mechanisms were warth the price 
of the book, especially the sections on 
auditory processing and echo loca- 
tion in bats. | find Ethology to be an 
invaluable reference. Don't let the fact 
that it was first published in 1982 be 
a hindrance. The basics of etholagy 
haven't changed much in 20 years. 
And you will certainly be able ta find 
a used copy for a good price on the 
web (more on that later). 


The Oxford Companion 


The next on my list of recom- 
mended reference books is The 
Oxford Companion to Animal Behavior, 
edited by David McFarland (Oxford 
University Press, New York, (981). 
The Companion is a series of aver 200 
articles on subjects concerning all 
aspects of the scientific study of ani- 
mal behavior, including ethology, ecol- 
ogy, physiology, genetics, and psychal- 
ogy. Each article is a concise, stand- 
alone unit with numbered biblio- 
graphic references to further reading 
and cross-references to other articles 
within the book to reduce unneces- 
sary duplication. Companion comple- 
ments Gould's Ethology nicely, and it, 
too, was one of the references used 
at the MIT mobile rebotics lab. The 
two books are a great start to any 
rober builder's biological reference 
library. 

The best thing about Companion 
is chac it is meant for the nonspecial- 
ist. and it assumes no previous back- 
ground biological knowledge. All bio- 
lagical concepts prerequisite to 
understanding a given article are 
given. For inscance, the article 
“Locomotion” — of particular inter- 
est to robot builders — deals with 
active and passive locomotion of 
every kind of animal whether moving 
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in water, moving on the surface of 
water, moving on solid surfaces with 
legs or without legs, moving in trees. 
or moving underground. Flight is cov- 
ered in a separate article, though a 
shart comparison of the energetics of 
flight vs. running and swimming is 
given at the end of the locomation 
article. 

Say you want to build rabot pets, 
there's the article “Household Pets." 
devoted ta the subject of dogs and 
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eats. Or, if you don't know what entry 
to look under but you know what 
animal you want to know abour, there 
are two indexes in the back, one giv- 
ing the English names of animals and 
the other their scientific names; each 
entry points to specific articles in 
which that animal {s referenced. Ants, 
for instance, are listed under Alarm 
Responses, Parasitism, Toal Using, 
Territory, Pheromones, Orientation, 
and Symbiosis. 


FIGURE 4. 


Table removed 
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Building Your 
Library 


| bought my copies of 
Companion and Ethalogy 
through the web, and I did- 
n't have to pay a lot because 
| found them both used 
through the Advanced Boak 
Exchange, a world-wide 
network of independent 
booksellers (www.abe 
books.com). Think of ABLE. 
as an Amazon.com for used 
and out-of-print books; it 
Jets you search far books by 
author, title, publisher, edi- 
tion, or ISBN. Heck, you can 
even find new books through A.B.E. 
— often at better prices than other 
online retailers. 

Low prices aren't the only rea- 
sons to use A.B.E, though. First of all, 
| like to support independent book- 
sellers because some books, whether 
they are out of print or are about off- 
beat ar unfashionable topics, can only 
be gorten through used booksellers. 
Publishing is such a cucthroat business 
that books selling "only" in the thou- 
sands rather than millions don't stay 
in stock very long in the chain book- 
stores, 

Second, a used book has a track 
record, Chances are you can get rec- 
ommendations for used books 
because they've been around long 
enough for lots of people to have 
read them. Really good books don't 
go stale. Unfortunately, they do some- 
times go aut of prine So, save yourself 
some money and aggravation: buy 
used books whenever possible. You'll 
get great books and save same trees 
in the process. 


Trustee fram the Toolroom 
While | ordinarily don't review 
fiction in this column, | have always 


drawn inspiration from the fiction | 
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son, 


read, and sometimes that inspiration 
touches, if only indirectly, upon robot- 
ics, One such book is Trustee from the 
Toolroom by Nevil Shute (Queens 
House, reprint edition 1976). If you 
aren't familiar with Nevil Shute (the 
pen name of Nevil Shute Nerway), a 
couple of his better-known books 
include A Town Like Alice and On the 
Beach. Shute was an engineer who 
only later in life became a novelist. He 
was also what the English term a 
"model engineer," what we in the the 
US would call a “home shop machin- 
is” Trustee was his last book, and it 
was in the top 10 fiction bestsellers of 
1960. Ie is also one of my favorites. 

The book concerns Keith 
Stewart a gifted model engineer who 
writes a column for the fictitious mag- 
azine Miniowre Mechanic (based on 
the British magazine Model Engineer, 
stil published). Stewart makes a mea- 
ger income from his column, but he 
loves the work. Despite how little 
money he makes, he maintains a faith- 
ful worldwide carrespondence with 
fellow model engineers who are 
building his designs, 

In the beginning, we learn that 
Stewart's sister Janice and her hus- 
band John Dermott. a retired Royal 
Navy Officer, are to sail their small 
boat fram England around 
the world to western 
Canada, where they intend 
to emigrate. They are leay- 
ing their young daughcer 
Janice in the care of the 
Stewarts during the trip. It's 
the late 1950s and postwar 
currency restrictions forbid 
them from taking enough 
money out of the UK to ser 
The Ants up their new home, 
Unknown to Stewart, his 
sister and brother-in-law 
are going to attempt to 
smuggle their money out. 
They've converted their 
assets to diamonds and 
encased them in a box to 
be placed in the cancrete 
ballast of their boat. As the 
novel opens, Stewart is 
brazing the box shut for 


them, though he's not 
aware of its contents. 

The complication 
comes when the 
Dermotes' boat 
founders during their 
voyage on the rocks of 
a remote South Pacific 
island, Both are killed, 
leaving Keith Stewart 
as trustee to thelr 
estate and responsible 
for the welfare of 
young Janice. To 
Stewart's shack, 
rather than a comfort- 
able inheritance, his 
niece is left with noth- 
ing. [t then becomes 
his job to make his way around the 
world on almost no money — our 
with lots of help from his loyal read- 
ers — to recover the diamonds and 
somehow smuggle them batk to 
England to restore his niece's inhert- 
tance, ' 

Shute's characters are straight- 
foward people who do their utmost 
to make the best of things. Keith 
Stewart exemplifies the ideal of the 
resourceful engineer, a decent, hum. 
ble, hardworking man who can build 
anything. Keith Stewart is some of 
what | aspire to as an amateur robot 
builder, columnist, and human being. 
Buy a cheap reading copy through 
abebooks.com and enjoy. Now a brief 
update on Heavy Iron. 


Stripping the X-Y Tables 


lll start with the “large” «able 
(Enco #201-2536) that will serve as 
the X- and Y-axes. Figures | through 5 
show the process: 


1) Remove the crank handles 
from the handwheels. 

2) Loosen the setscrews on the 
handwheel locking collars and 
unscrew the collars. Remove the 
handwheels. Be sure not to lose the 
shaft keys that align the handwheels 
on the leadscrew shafts. : 

3) Use a 6mm hex wrencn CO 
remove the socket-head screws hold- 
ing the longitudinal feadscrew bearing 
brackets to the table, and slide the 
brackets off the ends of the longitudi- 
nal leadscrew. : 5 

4) Loosen the longitudinal gib 
screw lock nuts and remove the gib 
adjustment screws. Slide the table out 
of the dovetail. Set the gib plate aside. 

5) Loosen the setscrews on the 
feed stop collars, and remove the col- 
lars. Unscrew the leadscrew from the 
table. 

6) Remove the two hex-head 
bolts from the transverse leadscrew 
bearing bracket, and slide the bracket 
off the transverse leadscrew shaft. 

7) Unscrew the transverse lead- 
screw. 

8) Remove the transverse gib as 
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S-A25 2aete Dual Tince $925 S-ADAS LaMHs Ocisyed Sweep $563 5 . . integraiea creuta, ‘speaker, earphena, 

2,1 Ee ee een 49 x0 foe Ouse saute : Made! M-1005K Model MX-901 PEDaS and ED ei Sepia 

7 DMM Kit Electronic Crystal Radia | * Facttted, uustraied, tab-styia A 
jer manual included. 
DIGITAL SCOPE SUPER SPECIALS Be <4 Sf 95 
est fh 6. + Requires 6 "AA" battenas 

20MHZ/10Mas Analog Digital $695 4 “ ‘o 3 ic {not included). 

40VH2/20Ms's AnalogDigital sasc | : a° nian $ 

GOMHZ20MsIs Anz ag'Digqital $950 B 1 70 


Batenes lg 


Guaranteed Lowest Prices C&S SALES, INC. 15 DAY MONEY BACK GUARANTEE 


UPS SHIPPING? 48 STATES 5% 


OTHERS CAUWFOR DETAILS ee eTGHE wana oe 2 YEAR FACTORY WARRANTY 
IL Residents add 8.25% Sales Tax FAX: (847) 541-9904 (847) 541.0710 


| SEE US ON THE WEE _ —e- http:/www.cs-sales.com 
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In this column, | answer 
questions about all 
aspects of electronics, 
including computer 
hardware, software, cir- 
cuits, electronic theory, 
troubleshooting, and 
anything else of interest 
to the hobbyist. 
Feel free to participate 
with your questions, as 
well as comments and 
suggestions. 

You can reach me at: 
TJBYERS@aoLcom 
or by snail mail at 
Nuts & Volts Magazine, 
430 Princeland Ct, 
Corona, CA 92879. 


What's Up: 
Motors! Need a motor 
controller? Got 'em. 
Stepper motor overview. 
Putting motor and batter- 
les to work in robots. And 
a full discussion of the bat- 
teries that power them. 
Finally, we revisit Ben 
Franklin and the current 


flow controversy. 
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Blame It On Ben 


In the June 200! column you said, "A source is 
~ © an emitter of electrons and a sink is a collector 
of electrons, or a receptacle.” Since electrons are nega- 
tive this would make the negative (-) connection on the 
bartery the source and the positive (+) the sink; TTL 
circuits would source electron current by grounding an 
output or sink electron current by driving toward Vcc. 
But he didn’t ask about electrons, he asked about cur- 
renc Electric current is opposite from the direction an 
electron moves in the circuit. Electric current is 
sourced from Vcc and sinks to ground. 

George Warner 
via Infernel 


n 


In your June Q&A column you discussed 
. “sourcing” and "sinking" current relative to ver- 
sions of the 555.1 think | understand the cerms, but 
also think that you have described them backwards! 
The ability of a device to source current refers to its 
ability to deliver current to a load which is usually 
grounded, while sinking current refers to its ability to 
receive current from a load which is typically connected 
to Vec.To compound matters, in the "Shake !c Baby" 
answer you have the ZSCTIS555 “sourcing” base cur- 
rent to a 2N2222, which its spec sheet says that it will 
do very poorly.Am Uall wet, or did you get up in a neg- 
ative universe? 
Michael 
via Internet 


| knew when | answered this question chere was 
going to be this kind of confusion and feedback. 
So let me try again. Source and sink have to do with 
convencional current flow, which — thanks to Ben 
Franklin when he “discovered” electricity after his wife 
told him to go fly a kite — forever flows from pasitive 
to negative. According to the conventional current flaw 
theory, current flows from positive (source) to negative 
(sink), which is typically GND (ground). GND is the 
sink and the positive supply is the source. It wasn’t until 
a hundred years later that scientists learned chat elec- 
trons flow from negative to positive. But by then the 
positive to negative concept was deeply rooted in 
everything fram batteries to motors to light bulbs. So 
this is why we have two different schools of thought: 
canventional current flow and electron flaw. Here's a 
good rule of thumb: Follow the emitter arrow of the 
transistors, they point to the current sink. 
As to sourcing the base of a 2N2222 transistor, yes 
Vec is the source of the bias current in the circuit you 
mention. Fortunately, transistors are current amplifiers, 
so 100uA of base current turns into |OmA of collector 
current. As you can see, there is no violation of design 
or sourcing current rules here. just FYI, the collector of 
this transistor, as shown in the drawing below, is the 
source and the emitter is the sink: the base is the con- 
trol valve that — like a water faucet — determines 
how much source current is sinked. 
*¥ec |= SOURCE 


2 
2 
sink current | E 1 ELECTRON FLOW 


SINK 


Before | leave this subject, let me point out chat 
wire colors often determine ground and power source. 
In electricity, like house wiring. ground (neutral) is 
always white, while the source (hot) is colored, usually 
black. In electronics, black wires are the ground (sink) 
— just the reverse — and a red wire is the positive 
(source). 


Drill Motor Speed Control 


ri Would you by any chance have a good circuit 
‘Hor a heavy-duty speed control that | use with 
my 1/2 inch drill for che purpose of inserting a rod into 
the chuck and jacking up my 32-foot trailer jacks? Cost 
of che parts is no problem. 
Stan 
via Internet 


| can do better chan chat I ran across a kit 
made by Gibson Tech Ed (800-422-1100; 
www.gibsonteched.cam) — the K-019 speed con- 
troller — that does everything you want at an ineredi- 
bly low $5.95. Gibson was kind enough to share the 
schematic with our readers. 


MOTOR SPEED CONTROL KIT K-019 


Replacement and equivalent for 9962 


Battery Charger Basics 


Your answer to Don Smith K6CHS in the Mar. 
2001 issue was “use it." There is no mention of 
voltage: |.5 volts for the AAs and (.2 valts for the 
NiMH. How come? 
Mitch 
via (nernel 


That's because the working voltages of a NiCd 
and NiMH battery are the same, |.2 volts not |.5 
volts. But that's not the issue here because the charger 
is current driven, not voltage driven. So even if the 
charger were designed to charge a [.5-volt battery, it 
will still work. How come? 

The most common batteries in use today are 
NiCd, nickel-metal-hydride (NiMH), lithium-ion (Li-ion), 
and lead acid. NiCd and NiMH types require charging 
with a constant-eurrent source. Current-source accura- 
cy in these applications is generally nor critical. Li-ion 
and lead-acid batteries require charging with a voltage- 
limited current source, and the charger for those types 
must include a timer that terminates the charge after a 
specified time interval. Here's what a typical 
NiCd/NiMH battery charger looks like. 

av Let's take a hypothetical 
q NiCd battery charger with a 
+V of 10 volts and a 100mA 
ait charging current. The math tells 
Gr) Current Regulator ys chat the dynamic resistance 
of the current regulator is &8 
_t ohms for a NiCd or NiMH cell. 
= If che battery voltage was 1.5 
1) volts, then the current regulator 
= would adjust its dynamic resis- 
i tance co 85 ohms. 
R= +V - battery voltage / 0.1 
R=10-1.2/0.1 
R = 88 ohms 


Ni¢d or NiMH Cell 


As you can see, it’s the charger and not the battery 
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Voltage that changes the dynamic resistance of the cur- 
renc regulator. This is how one current regulator can 
automatically adjust to charging one cell or a stack of 
cells — the voltage isn't a factor, it's the current that 
does the charging. 

Before | leave this subject, some of the cheap charg- 
ers use a fixed resistor instead of a current regulator. Still 
nothing changes except for a small difference in the 
charge current as cell voltage changes. In the example 
above, the charging current would decrease to 97mA 
with a 1,5-valt cell. 

Finally: Charging at 0.{C standard rate for 14-16 
hours will greatly enhance the NiMH battery's service 
life. Mast NiMH batteries can withstand overcharge at a 
0.1C rate indefinitely. This was the case for Mr. Smith. 
Charging rates abave IC can reduce battery life, and have 
to be monitored carefully for charge termination. 


Alkaline Battery Charger Question 


| have a Rayovac Power Station PS3 which is a 
charger for Rechargeable Alkaline™ Batteries. The 
user's guide also includes NiCd and NiMH. However, 
there is no pravision for switching between the alkaline 
|.5-volt and NiMH 1.2-valt mode, and I'm concerned 
about damaging my NiMH cells. | tried to charge them 
and they got quite hot after a couple of hours. They mea- 
sured well above [.2 volts, yet the indicator lights still 
showed an incomplete charge. | e-mailed the company 
and got an answer I'm not satisfied with — something 
about "conditioning." | would appreciate your opinion 
before | subject these to any further charges. 
Mitch 
via Internet 


This is pretty much normal. NiMH batteries can 
reach as high as | 30 degrees during a charge cycle. 
The amount of discharge and, of course, the rate of 
charge will affect this. The PS3 will charge your NiMH 
batteries just fine, as long as you match them cell for cell. 
However, the PS3 charger isn't specifically designed 
for NiMH and will likely overcharge the battery, which is 
where the heat is coming from. So you have to monitor 
the charge yourself towards the end because the PS3 
can't do it You can monitor it for voltage or ternpera- 
ture. When the voltage across the NiMH battery starts 
to drop, it's charged. Alternatively, take its temperature 
using the back of your hand: when the battery is luke- 
warm, it's done. 
Pulse Charge / OCV-Sensing 


Charge 
Current | | 


Battery 
Vollago 


Votage reategs axe token who 
pireLgrent is berg appied to burery 


Time 


For the curious, the PS3 charger uses the pulse-cur- 
rent charge method. The amount of charge in the battery 
is determined by measuring its open-circuit voltage 
(QCV). The OCV is measured between the current puls- 
es. If the cell's voltage is over |.65 volts, the charge puls- 
es are suspended until the OCV decreases.As the bat- 
tery charge increases, the pulses remain off for a longer 
and longer period of time until the cell maintains a steady 
1.65 voles — at which point the cell is fully charged. You'll 
find a schematic of the PS3 at www.rayovac.com/bus 
oem/oem/spees/renBg.shtml. 


H-Bridge Defined 


| have a 12-volt, 60-mA DC motor that | can 
reverse directions on using a DPDT relay witha 


five-volt coil (which | run from a different power source), 
| tried to use an H-bridge cireuit to Improve switching 
reliability, but now the motor turns at a very slow speed. 
I've tried a host of different driver transistors, including 
TIP41 and IRFS11, but nothing seems to work the same 
way it did with the relay. | have carefully checked out the 
bridge circuit and find nothing wrong. Can you help me? 
Joseph Lisinski 
via Internet 


This is a common problem when trying to replace 
a DPDT switch or relay with H-bridge devices a 
and it's nat the fault of the bridge, but often the way it's 
implemented. Let's first look at the way your reverse 
switch is presently wired. . 
In thls configuration, 
the motor is placed across 
the common contacts of a 
DPDT relay. When the relay 


* 
6 : ! 
‘ is de-energized, the top of 
MOTOR the motor goes to GND 
| (negative) and the bottom of 


| L the motor goes to V+.When 
1 the ralay is energized. the 


contacts pull in, which places 
RELAY 


V+ on the top of the motor 
and GND on the bottom 
causing the motor to reverse direction. Now let's look at 
a typical H-bridge, which gets its name from its letter-like 
H appearance. 
+V¥ When QI is on, 
Q2 and QJ are off, 
and Q4 is on. This 
places V+ on the left 
L side of the motor and 
GND on the right 
side of the motor, 
which now rotates at 
— full speed in one 
aa iL direction. To reverse 
the motor, QI and 
Q4 are turned off, 
and Q2 and Q3 are 


Iso MOTOR 
Js a2 


- turned on. Sometimes 
when this arrangement is done using gates and transis- 
tors, it doesn't work out as expected for varied reasons. 


Fortunately, there are several ICs that contain all 
these functions in one chip — like the L293 — which 
outputs up to 600mA ar 36 volts.A motor reversing cir- 
cuit using this IC is shown above. I've added an optional 
motor braking feature via the OPEN TO STOP switch. 
Unlike turning the power off and letting the motor free- 
wheel to a stop, this switch applies a dynamic brake that 
uses the motor's back EMF to bring it to a fast stap. The 
1293 has two H-bridge circuits, so you can control a sec- 
ond motor if you wish. Or you can parallel the two H- 
bridges to increase the output current to |.2 amps. 


Stepper Motor Overview 


Stepper motors are very confusing, or at least 
~ . the stepper motor specs. ! keep reading stuff like 
“hybrid” (as opposed to unipolar or bipolar).And then 
there is the famous statement: "Of course. this bipolar 
stepper motor can be driven as a unipolar motor, if 
desired." Well, I'm the first to admit that the “of course" 


The RF Connecticn 

213 North Frederick Ave 
Suite 11NV 
Gaithersburg. MD USA 
20877 


http:itwww therte_cam! 


Complete Selection of MIL-Spec Coaz, RF 
Cannectors and Relays 


UG-218/U WW Bale far RG-213214.  sh00 
UG-21D/U N Male for RG-214214. S425 


N Connectors for 9913/Flexiaxi rag 


UG-21B9913....S600 Pins Only... $1.50 
UG-21DI9313....$400 ExtraGasket 75 


Amphencl 83-1SP-1050 PL-259.__soog 
UG-176/U Reducer RG-S9/8X. 25 er 531 09 
UG-176/U Reducer RG-S8/58A 25 or 5131.00 
Silver Teflon PL-259/Gold Pin = 


39.00 
MIL-Spee Coax Availabla (Teflon, PVC IIA) 


New Product: Belden 9913F 9913 with 


High Density PE Foam dielectric, stranded 
center cond and Duobend Ill Jacket. 


.-. BOM or $76.00/1008 


9092, RGEX with Type Il Jackel 
cress unceneorneas 9.0 TOGA 


Call far Specials of tha Month 


Intra Price 


Full Line af Audio Connectars for team, 
Kenwood, and Yaesu 
8 Pin Mike Famalo .. 
8 Pin Mike Mate Panel 
13 Pin DIN for Kanwood. 
4 Pin DIN for leo ... 
8 Pin DIN for Kenwood. 


Pricas Do Not Include Shipping 


Orders = 800/783-2666 
Info 301/840-5477 
FAM 304/869-3660 
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PiCmicto MCU development tools 


from microEngineering Labs, ine. 
www.melabs.com 


LAB-X Experimenter Boards 


Assembled development platforms. _ 
Each has RS-232 serial port, in- 
Greut programming connector, 
poser Supply, plus olher hardware. 
LAB-X1 toréO-pevishown) - $189.95 
$AS-X2 tor 28 or 4Og.n CIs - $20.95 
LAB br 1Btin ICUs - $119.95 


PicBasic and PicBasic Pro Complier 
Write programs tor PiCmiem MCUs in 

; BASIC. Can be used in Windows ot 

[> DOS fincudes Windows edtooiDE 

1O9f  sottware). 

PicBasic Compiler - $99.95 

PicBasic Pro Compiles - $249.95 


EPIC Plus PiCmicro Programmer 
Programs the following PICmicro 
PICT2Co0, 


MCUs: 12CEno, 5 = 
14C000, 160505, 16055, fxr, Tex, 
84, Sex, 1ECEGON, 16F 62x, 7x, Bx, 
7x, 17C7ex, and 16Cmx (some 
MCUs require adapters). Sohwara for 
‘Windows and DOS. Requires two SV 
batteries cr AC adapler {nol 
induded). Adapters avaiable lor various dev ce packages, 
Bare PCB wischtware - $34.95, Ascembied - $59.95 
Assembled wiAC adapter cable and ZIF acanter - $99.05 
PICProto Pratatyping Boards 
$8.95 to $19.95 
High-quality Blank protstypng boirts for 
PiCmicrn ICUs. H¢ids your morncontriaiar, 5 
voll requates, ese"aicr cagasioss 084 


connecior. 
mice Ranginaring Sats, Sia 
J Phone: (715) 520-5323 
= Fax: (719) 520-1867 = 
Box 60039. Colarade Springs, CO 80960 


For product infarmation 


Ey | 


or lo order online. 
visil our wabsite 21: vownw.melaks.com 
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business ain't the least bit obvious to me! Sheesh. Any light you can shed on 
this would be most appreciated. 
E. Nicholas Cupery 
via Infernet 


ay This is a very large tapic to take on in the space of this calumn, but | 
think 1 can make enough sense of it for your question. To begin with, 
hybrid is a type of stepper motor construction, not how the stepper operates. 
Basically, there are three different ways to build a stepper motor: variable 
reluctance, permanent magnet, and hybrid. The chart below highlights their dif- 


ferences. 
Stepper Motar Type Rotor Stator Coil Type 
Variable reluctance Iron vanes Electromagnetic coils Unipolar 


Permanent Magnet 
Hybrid 


Magnets 
Magnets 


Electromagnetic coils 
Magnets/coils 


Unipolar/Bipolar 
Unipolar/Btpolar 


The terms unipolar and bipolar have to do with the colls associated with 
the stepper mocars in the chart above. Bipolar stepper motors have just two 
Coils with four wires. To operate the motor, the polarity of each coil must be 
changed in the same way you'd reverse the directian of a DC motor using a 
OPOT toggle switch, relay, or H-bridge (see "H-Bridge Defined" above).A 
unipolar motor also has two coils, but this time the coils are center-tapped, 
which results in six wires instead of four. The reason it's called unipolar is 
because you can tie the center cap high and alternately ground the ends of the 
cail to create the same effect as reversing the polarity across a bipolar 
(untapped) coil. Bipolar is two coils untapped; unipolar is cwo coils center 
tapped. That's it! 

Now that you know that “hybrid” refers to 
. motor construction, and has nothing to do with 
unipolar or bipolar, lec's up the ante! You can mix 
and match construction types with cail types — to 
| an extent. Far example, you can have a hybrid 
motor with either a bipolar ar a unipolar coil 
arrangemenc. Same with the permanent magnet 
stepper. Variable reluctance steppers, on the other 
hand, are unipolar only. To answer your final ques- 
tion, “Of course, this bipolar stepper motor can be 
driven as a unipolar motor .." This refers to using a 
tapped coil as an untapped coil. That is, any tapped 
coil can be used in the bipolar mode by ignoring the 
tap. If the bipolar stepper has an unused tap, then it 
can be connected and operated in the unipolar 
mode. Of course, the unipolar stepper and the 
bipolar stepper require different controllers. 
Unipolar can work with half-bridge drivers while 
bipolar requires a full-bridge controller. Clear as 
mud, huh? Hope this helps. 


BIPOLAR 


UNIPOLAR 


Full Range Dimmer/Speed Controller 


g | need a 12-vole, 12-amp PWM motor speed control that lets the 
_ motor come to a dead stap when the speed control is wound all the 
way back. could use a switch-pot to torlly remove power, but wondered if 
there is a way to make the PWM contral ga from 0% to 100%. Most PWM 
controllers seem to go from around 5% to 95%. 
Donald J. Johnson 
wa Internet 


You're quite right. Most motor speed controllers and lamp dimmers 
~ .are built around a 555 timer that's operated in the PWM mode, which 
has a range of 5% co 95%. Before the 555 became popular, we used the circuit 
shown below. 


PWM 
Comparator 


Comparator Integrator +12V 
ry 


This design uses a triangular wave generator and a comparator to create 
PWM (pulse-width modulation). It goes like this. wo op-amps use a positive 
feedback loop that's closed around a combined comparator and integrator. 
When power is applied, the comparator assumes one of two stares: for the 
sake of this discussion, let's call it high. This output is applied to the integrator 
which begins to ramp down by charging the .O|uF capacitor. When the output 
voltage of the integrator reaches a threshold voltage on the positive set by 
the 47k and 100k feedback resistors, the comparator switches from high to 
low which, in turn, causes the integrator to scart charging the capacitor in the 
opposite direction. This cycle repeats endlessly and outputs a clean criangular 
waveform. 

The triangular wave is applied to the positive input of the PWM compara- 
tor.The SPEED contro! sets the trigger point for this comparator. When 
threshold voltage is greater than the peak voltage of the triangular wave volc- 


age, the duty cycle is 0%; when the threshold voltage is equal to the peak-to- 
peak triangular voltage, the duty cycle is 100%. The Sk trimmers arc used ta 
set the range of the SPEED contral. Any op-amp will wark in chis circuit, 
including the ubiquitous 741. BTW, as an afternote here. | was pleased to find 
this design still live and well at G. Forrest Cook's web site 
(www.solorb.comigfc/elect/solarcire/pwml/). 


Robot Range Sensor 


j lam designing a robot to run outdoors, and would like to keep it on 
~ . a leash so that it won't run out of my radio control range and into the 
street. My firsc thought was to detect my dog's radio fence buried under the 
ground, but for that | need a circuic that would detect the 10.65 kHz radio 
signal — which they sell by the collar for $79.00. So the question is, do you 
have such a circuit or is there a better way ta find out when my bottie has 
run away from home, like maybe a simple short-range transmitter and receiv- 
er circuit? 
Kerry Barlow 
Kirkwood, NY 


| TICkit 63 Getting Started — 
Package 


(163H256K-GSP) 


Prototyping laboratory includes: Win9X | 
IDE software, power supply, download ; 
cable, 830 hole solderless breadboard, 
AS232 interface, PCAT interface, 32K 
EEpram (up to 256K), TICkit 63 FBasic 
micro-interpreter, Tons of I/O ability. 

If you like Parallax’s Stamp, you'll 
love this. 


www. protean-lagic.com 


| Protean | 


— 


FBasic 


(303) 828 9156 
FAX: 828 9316 
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6.8 inch Color LCD Panel 
UNIPAC PN UP068D01 


Screen Type — 6.8" TFT-LCE Madule 
Resolution 1152x234 
12 Volt operation 
Standard composite input 
Viewing angle [deg.] 10/30 top/down 
45/45 left/right min. 
Brightness [nit] 300 
Mounted in an aluminum case 
AC adapter included 
No Assembly Required 
S/IL included lower 48 states only 


= —_ 


Extremely bight & beaut color image 
$170.00 ea. 


Go fo www.surplusvalues.com for more information and design suggestions. 
For orders cal Marge at General Science and Engincering 716-342-4700 Visa & Master Card 


&& . | thought about this long and hard, and discovered that few habby Cool web Sites ones PP noe 
eeenced 


bots are radio-controlled. Most are autonomous or tether-wired. 
And | doubt the electranic dog fence would work in all instances, espe- 
cially if the bot has crossed over the line and is headed downhill at full 
speed with {little room to stop.| also discovered that ane thing a lot of 
bots have in common is a servo motor. Given the fact chat you haven't 
Started the design yet, this is the perfect pick-off point for an out-af-range 
signal. 

Servos are actuated using a 20mS pulse that's sent at a rate of about 

50 Hz Thls signal is continuous and only stops when the receiver is out of 
range of the transmitter. So all it takes is a pulse detector circuit that 
sends a message to the bot's control circultry when this signal disappears. 
Which is easily done using a 555 monostable multivibrator. 


Have questions? These web sites have answers. 


National Instruments’ Intro ta LabVIEW, a 40 minute course by National 
Instruments http:/Awww.techaniline.com 


Anton Kruger offers a plethora of online resources relating to LED: theory, appli- 
cations, and fun experiments. 
http://tm0.com/sbct.cgits=1 1841 78698i=3253738d=1284886 


. Yeah, the trend is toward lower rather than higher voltages. In fact, 
AYinins five-volt chips is getting progressively harder than finding 2.7-volt 
chips. So what to do? For the moment, the ML4770 from Fairchild (available 
from Future/Active, 800-655-0006; www.future-active.com) provides a 
solution. This "Two Cell, Adjustable Oucput, High Current Boost Regulator 
with Load Disconnect” chip provides a way of converting as low as 1.8 volts 


to between 3.0 and 5.5 volts at up to 800mA. depending on the input volmge 
FROM (the higher the input voltage, the higher the output current; 400mA at three 
SERVO volts). 
As a bonus, the 
chip is housed ina 
SOIC-SO8 surface- 
W5V mount package — 
which goes a long way 
i to reducing weight 
Rt and PC board space. 
330 eo ¢ Critical to the a 
AN2S ML4470's perfor- 
[x [ Senet mance is the |QuH 
inductor. It must han- 
T dle 1.5 amps of peak current without saturation and have no more than 100 
milliohms of resistance. Fairchild recommends the Sumida CD54 or its equiva- 
The 555 timer is adjusted to time out if there are no servo pulses after lent fram the list below. 
300mS. | know, the time period of a 50-Hz wave is 20mS. But 300mS is fast Coitcrart — 847-639-6400 
enough for the bot to react to a signal loss (about 1/3 of a second), yet long CoittRonics — 561-241-7876 


enough to prevent a false alarm should the signal fade for a few cycles. The 
timer needs no power supply of its own; instead it splices into all three wires 
of the servo for its power and signal. normally in the color code indicated on 
the schematic. Well, that's the detector. I'm leaving it up to you to decide what Whither the DTMF chips? 
to do with the control signal which is taken off the collector of the 2N2222; 
you'll see two choices at the bottom of the drawing. 


Dace — 605-665-9301 
Sumipa — 847-956-0666 


. I'll bet you can remember when the streets seemed to be paved with 
DTMF chips (both encoders and decoders). Geez, it couldn't have been 
more than a year ago, could it? Now, | cannot find any DTMF chips at all at my 
usual haunts (Jameco, Mouser, Digi-Key, etc.) Is there something strange going 
. | have a small robor that runs off rwo NiCd cells. While this is plenty ‘on in the industry? Surely DTMF cannot be passe! 
Q of voltage to power the drive motors, it's a couple of volts short of Worse, of course, is the fact that I'm looking for stuff in DIP form. DIP is 
running the BASIC Stamp computer and IR sensors.! didn't wish to carry the going the way of the Dodo bird — and fast. 1 don't think these tired old eye- 
added weight of, nor do | have the space for, wo extra cells. However, when | balls of mine could handle soldering a bunch of surface-mount chips. Anyway, 
looked at the National Semiconductor series of boost regulators, | discovered thanks for a good cry <g>. If you do happen to know what happened to all 
they all have a minimum input of 3.5 volts. Do you have a circuic that will the DTMF stuff, I'd appreciate hearing about it. 
work off 2.5 volts input and ourput five volts? | don't believe | need a lot of E. Nicholas Cupery 
amperage out of the five-volt side. ! think 300 mA would be sufficient for the via Internet 
Stamp and the little bit of additional TTL circuitry that | use. 


Kerry Barlow A Let me take one problem at a time. Yes, most DTMF devices have 
Kirkwood, NY | faded into oblivion. That's because DTMF is becoming embedded via 


Robot Needs More Voltage 


Faetory Direct 


Sola CVS 2000 Watt Constant Varage 
mar provides 2 vary well regue 
lated almrsnidal waveform that is (20- 
\. tated from variations and disturbances 
in he Input votiage, Aisa provides 
* Isalation and piatep-deen to 
* allow for varlaus Inputioutpul watt 
Input 95-1201 75-215" 50-260300-520 
< Bitz. Gutput 170240VAC 6OMZ 
‘= Heavy duty commercial recorder - 


a QOO0VA. 17-8x11.4x9.6, 115 Ibs sh Unumed, $250 #2, 2750 
id 4 NOT improvised from consumer model: 


WHEATSTONE BRIDGE 


yuowdnby jee, - 


ge 1 ohm io 1.011 M ohm 
0.15%: As a resistances ub 
Hitution Bex it ia adjustable In 
1 ohm stepa trom 6-10110 
chms. The current lim al the 


veqny 


E-MAIL: { idlo@taleradio.com 
PHONE: 419-227-6573 
FAX: 419-227-1313 
= : 1016 E. Eureka - Box 1105 
Viking Systems International 100 North Hil Drive #42, Brisbane, CA 94005 Lima, OH 46802 


VISA, b 
Phone (415) 467-1220 + Fax: (415) 467-1221 « Web: wwwvikingi Paes SEND FOR 2001 CATALOG !! — 
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Allow mansy for shipping on merehancisa, 


Clrela 432 on tho Reodor Sorvico Card. 


DSP (digital signal processing) Into controllers using software routines. This 
path leads to fewer hardware parts and higher reliability. Fortunately, they still 
make, or at least sell until stock runs aut, DTMF chips, Here's a quick run- 
down; all four devices have a DIP footprint. 


WORLD's BEST 


All DUAL DRIVES 


Digi-Key: TP5088N-ND (DTMF encoder) 
Circuit Specialist: CD22204 (DTMF decoder) 
JDR Microdevices: MC|45436P (DTMF decader) 
Mouser: NTE1690 (DTMF encoder) 


Now addressing your surface-mount device problem, | feel the same pain. 
My eyes aren't getting any sharper with age, and the fingers aren't as nimble. 
But | have a secret weapon. They are called SOT to DIP adapters, and are 
avallable from Aries Electronics (650 358-9559; www.larsenassociates.com 
/allprods.html) and Brown Dog (918-747-3874: www.brndog cam/SOT- 
23.htm|), amang others. 


| 256 Meg Ram 


'32 Meg Video 


feerier Size Tower 
) 2 Removable Hard Drives 


Need A Datasheet? 


Yam in need of a pinout for the MM58167AN microprocessor real 
cD time clock. 
Lawrence Patelunas 


Langhorne, PA 
CDs & Floppies Here you are, courtesy of National Semiconductor 
AntiVirus Firewall ~ (www.national.com). 
Local Area Network 10/100 PCC Package 
High Speed AMR Modem Siot zsegifern 


Dusln-Line Package 


56k Modem 


Stereo & Headset Ready 


You Won't Find A Better 
Machine at ANY Price 


1 Year Warranty - Satisfaction Guaranteed - BEST Customer Service 
Payment Pian with Layaway Only CSC corp WEB: compu-zilla.com 
Email: info@compu-zilla.com FOR QUESTIONS 931-551-4058 
FAX 931-551-4128 CreditCards ORDERS ONLY 800-407-1020 


Circle 448 on the Service Card, 


DC/RECTIFIER 
AND UPS =e re ew 


a 
& 


osc OUT 


feibae INTER 


‘Order Number MM54167BN Order Number MASA 1E7BV 
S 4 9 9 5 You can find darasheets and pinours for most ICs from Questlink 
. (www. questlink.com) and Free Trade Zone 


(www. freetradezone.com). Need a source for this chip? Here you go. 


48Vdc\2amp (2 Hours) Digi-Key (200-344-4539; worw.geycom) 


Jameco (800-83 | -4242; www.jameco.cam) 


Contains four Panasonic LC-R127R2P batteries. JDR Microdevices (800-538-5000; www.jdr.com/interactdefaultasp) 
MAILBAG 
Dear TJ: 

In your answer to Ed Schmidt in the June 2001 column, you gave a longish 
Tae and lucid explanation for the workings of his tape deck's auto shutoff mecha- 
TNT wa Ny nism, But you didn't ask the one, vital question: Did his tape counter work? 
Mast of the mechanisms I've seen (I've been a repair tech for years) are dri- 
ERGGEET 


ven from the tape counter, Usually the only thing wrong is the belt (don’t tell 
anyone f said so, but a small rubber band works fine, here.) About a 10 minute 
repair, assuming you can get to the thing. {I've a Technics deck sitting in the liv- 
ing room that had this exact malady.) 
David W. Gray 
via Internet 


MFG by Gorden Kapes —7 Be sure to check out the new Computer Desktop 


Encyclopedia at the Nuts & Volts website. 

Network Systems Technology, Inc. * Covers PCs, Macs, UNIX, networking, client/server, graphics. 

1004 Hemphill Ave., Atanta, GA 30318 
866-874-3935 Fax 404-874-5779 


WWW,NSTL.com 


multimedia, Internet, World Wide Web, standards, products 
and vendors, and more. Fundamental concepts explained in 
depth, providing a clear perspective for beginners. 
ww. nutsrvolts.com 
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August 3-4 


TX - AUSTIN - Canvention. Austin ARC, 
Austin Repeater Organization, & TX VHF- 
FM Saciety, Joe Makeever W5HS, 512-345- 
0800, Emall: wShs@arrl.net 


August 4 


Tt - CARLINVILLE - Hamfest. Macoupin 
County Fairgrounds, Re 41-55 exit 60. 
7am-12pm. Talkin: 146.82-. Macaupin 
County ARC, Tim Jones KASVIN, 217-627- 
2355. Email: ka9vivétyahoa,com 

MI - TAWAS - Hamfest. losco County AR 
Enthusiasts, John Hanley KABAIP, 517-756- 
2845. Email: ka8alps¢centurytelnet Web: 
http://www.oscoda.net/icares 

MO - SPRINGFIELD - Hamfest. University 
Plaza Trade Center. Sam-1pm. VE resting. 
Talkin: 146.910-. Southwest MO ARC, 
Woodie Moore WOODY, 417-833-2248. 
Emall: woodydanl.net Web: 
Atpy/www.smarcorg 

NY - ITHACA - Hamfest. Tompkins 
County Alrport. 7am-2pm. VE exams. 
Talkin: 146.970-. Tompkins County ARC, 
Dave Flinn W2CFP 607-533-4797. Emall: 
dave@starflinn.com Web; 
ettp://www.compcenter.com/-tearc 

OH - COLUMBUS - Hamfest. Voice of 
Aladdin ARC, James Morton KB&KPJ, 614- 
946-7790. Email: kbakp|@cs.com 

PA - LEWISTOWN - Hamfest. Decatur 
Township Fire Co. Grounds. Talkin: 146.91. 
JVARC & Decatur Tawnship Fire Ca., 
Richard Yingling, 717-242-1882 

VA - VINTON - Hamfest. William Byrd 
High School, Washington Ave. 9am-3pm. 
Talkin: 146.985 (-600). Roanoke valley 
ARG, Dave Miller 540-977-3142. Email: 
dmiller@rev.net 


August 4-5 


WA - SPOKANE - Convention. Spakane 
RA, NW Tri-State ARO, Palouse Hills ARG 
inland Empire VHF Club, & Kamiak Butte, 
William Craze KC7YSF, 509-326-5353. 
Emall: warchief@ceccom 


August 5 


EN - ANGOLA - Hamlest. Land of Lakes 
ARC Sharon Brown WDSDSP. 219-475- 
3879, Email: sharan.1.brown@gte net 

NY - WILLIAMSVILLE - Western NY 
Section Convention. Greater Buffalo 
Hamilest & Expo. Main Transit Fire Hall, 
6777 Main St. Talkin: 147.255. Lancaster 
ARC, Luke Callanno N2GDU, 716-634-4667. 
Email: luke@towncountryfloris.com 

Web: http:/hamgate1.sunyerie.edu/ -larc 
VA - BERRYVILLE - Hamtest Clarke 
County Ruritan Fairgrounds. VE exams. 
Talkin: 146.82-, The Shenandoah Valley 
ARC, Brian Mawhinney WB3FUM, §40-665- 
0761. Email: WB3IFUM@arl.net 


August 14 


IL - QUINCY - Hamfest. Western IL ARC, 
Bob Crockett NOKUT, 217-222-4467. 
Email: w9awe@arrl.org 

Web: heep://www.gsl.necv/w9awe 

MD - WESTMINSTER - Hamfest. Reese 
Firemen's Carnival Grounds, Rt 140. 
Carroll County ARC, Inc, email: 
kapzn@arrl.nec web: www.qis.net/-k3pm 
MI - JACKSON (VANDERCOOK LAKE) - 
Hamfesc Cascade ARS, Dennis Byrne 
KCBU)Z, 517-522-4056. Email: 
bymeda@voyager.net Web: 
hetp://www.qsl.net/cars-jxn 

NY - WESTMORELAND - Hamfest. Rome 
Radio Club, Russell Schorer KB2MAS, 315- 
953-8739. Email: kbamas@gpaconnectnet 
WA - LONGVIEW - Hamfest. Lower 
Columbia ARA, Bob Morehouse KB7ADQ, 
360-425-6076 after 6pm weekdays. 
Emall: kb7ado@aol.cam Web: 
hetp-//www.gslneunc7p/swapmeechum 
Wi - EARABOO - Swapfest. Sauk County 
Falrgrounds. 7am-12pm. VE testing. 
Yellow Thunder ARC, Steve Schulze 
NSUDO, 608-356-2313, Email: 
n9udoWarrl.net Web: 
hetpv/www.qsLnet/ytare/ 


P 
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Jee Events Calendar is a free service for publicizing electronic events such as 


Se EE 


1s 


amateur radio hamfests, flea markets, etc. If your organization is sponsor- 


ing an event and would like a free listing, contact us at least 60 days in advance. 


Include yaur flyer, estimated attendance, name of the person to contact, and 


phone number. 


Complimentary issues are available upon request for distribution to your 
attendees. A street address for UPS is required. 


While we strive for accuracy in our calendar, we can not be responsible for 
ertors or cancellations. The information contained in this column is for the use of 
the readers of Nuts & Volts and may not be republished in any form without the 


written permission of T & L Publications, Inc. 


WV - HUNTINGTON - Hamfest. Veterans 
Memorial Field House, 2590 5th Ave. 
4:30am-2pm. VE testing. Talkin: 146.76-. 
TARA, Garry Ritchie WBOl, 304-733-1300. 
Email: tarahams@juno.cam Web: 
www.qsl.net/tara 


August 12 


CA - GOLETA (SANTA BARRARA) - 
Hamfest Santa Barbara ARC, Alan Soenke 
WAGVNN, 905-562-2694. Email: 
ajsoenkegaolcam Web: 
hetp://www.sbarc.org 

LA - AMANA - Hamfest. Cedar Valley ARC, 
Chuck Bassett NOOUTS, 319-378-0448. 
Emall: noours@rf.org 

Web: htcp-//cvarcrf.org/ 

IL - PEOTONE - Hamfest. Will County 
Fairgrounds. 6am-3pm. Talkin: 146.52 sim- 
Plex, 146.64 (-107.2). Hamfesters RC, Inc, 
Robert Nelson WE9WFR, 708-256-7984. 
Email: wb9wfr@aol.com 

IN - GREENTOWN - Hamfest Lions Cub 
Fairgrounds. fam-ipm. VE testing. Talkin: 
146.91 & 146.79. Kokomo & Grant county 
ARCs, L B. Nickerson KINQW, 765-668- 
4814. Emall: konqw@skyenecnet Web: 
etpy/www.nectusa 1/-kaénqwnick/ha 
mfesthomi 

KY - LEXINGTON - Hamfest. National 
Guard Armory adjacent to airport. dam- 
4pm. VE sessions. Talkin: 146.760-. 
Bluegrass ARS, John Barnes KS4GL, 859- 
253-1178. Email: ks4gl@juno.cam Web: 
heep://www.Bluegrass ARS. org/ 

MN - ST. JOSEPH - Hamfest. St. Cloud ARC, 
Jack Maus WOMBD, 320-685-8295, Email: 
wombd@arrl.net Web: www.wdsv.org 

NJ - BAYVILLE - Hamfest. Jersey Shore 
ARS, Ed Genoino WA2NDA, 609-971-2792. 
Email: wa2nda@aol.com Web: 
http://www,jsars.arg 

PA - MATAMORAS - Hamfest. Matamoras 
Alrport Park, off Exit 53, |-44. Talkin: 
146.760 -600, 100 Hz PL, 145.350 -600, 
100 Hz PL Tri-State ARA, Carl Will 
KB3DHN, 570-828-7622, Email: 
kbaidhn@mercurylink.net Web: 
http://www.qsl.net/k3tsa/ 

PA - SHREWSBURY - Hamfest. 
Shrewsbury Firehouse. VE testing. Talkin: 
146.700. Sauthern PA Graup, Hilltop 
Transmitting Assn., & York White Rose 
ARC, John Salony 717-741-1780. Cecil 
Mundorff 717-927-6662. 

Web: www.carli-online.com/hamfest 


August 18 


KS - CHANUTE - Hamfest. Chanute Area 
ARG, Charlie Ward WDOAKU, 316-431- 
6402 
MJ - OAKLAND - Hamfest. American 
Legion Hall, 65 Oak St. Talkin: 147.49 In, 
146.49 out Ramapo Mountain ARC, 
Steven Oliphant N2KBD, 973-962-4564, 
Emall: rmare@qsl.net Web: 
hupv/www.qsl.net/rmarc 

HH - FRIENDSHIP - Hamfest. Portsmouth 
Radlo Club, jack King KBENBI, 704-372- 


saat 
August 18-19 
AL - HUNTSVILLE - Convention. Huntsville 


Hamfest Assn., Don Tunstill W4NO, 256- 
536-3904. Email: deunstll@hiwaay.net 


Alll listing information should be sent t9 
Nuts & Volts Magazine 
Events Calendar 
430 Princeland Court 
Corona, CA 92879 
Phone $09-371-8497 
Fax 909-371-3052 
E-mail events@nutsvolts.com 


COMPUTER SHOWS 


AGI Shows, 317-299-8827 
E-Mail: info@agishows.com 
http://www.aglshows.cam 


Blue Star Productions 
612-788-1901 
hitp://www.supercomputersale.com 


Computers And You, 734-283-1754 
www.a l-supercomputersales.cam 


Computer Central Shows 
630-782-4625 Fax 630-834-2594 
EMail: cc@gats.com 
www.computercentralshaws.com 


Computer Country Expo 
847-662-0811 Web: www.ccxpo.com 


Five Star Productions 
810-379-3333 E-Mall: jeff@fivestar 
www.fivestarshows,com 


Gibraltar Trade Center, Inc. 
734-287-2000 Taylor, MI. 

E-Mail: taylor@gibraltarwade.com 
www.gibraltartrade.cam 


Gibraltar Trade Center, Inc. 
810-465-6440 Mt. Clemens, MI. 
E-Mail: mtclemens@gibraltartrade.com 
www.gibraltartrade.com 


KGP Productions 
1-800-631-0062, 732-297-2526 
E-Mail: kgp@mall.com 


MarketPro, Inc., 201-825-2229 
hitp://www_marketpro.cam 


MarketPro, Inc., 301-984-0880 
E-Mail: md@marketpro.cam 
http://marketpro.com 


ComputerShow 

770-663-0983 

E-Mail: narisaam@acl.com 

Web: hitp://www.shownsale.com 


Northern Computer Shows 
978-744-8440 

E-Mail: inguiries@ncshaws.cam 
Web: ncshaws.com 


Peter Trapp Computer Shows 
603-272-5008 


Web: www.petertrapp.com 


Web: http://www.hamfest.arg 
August 19 


€0 - GOLDEN - Convention. The Denver 
Radio Club, Ron Taylor KOHRT, 303-949- 
3978. Email: kOhrt@arrl.net Web: 
hetp//www.qsl.nerswooe 

IN - LAFAYETTE - Hamfest. Tippecanoe 
County Fairgrounds. 8am-2pm. VE exams. 
Talkin: 147.135+ & 443.775+ PL 88.5. 
Tippecanoe ARA, David Dull WB9BRX, 
765-743-8305. Email: dave @dullville.com 
Web: www.w9reg org 

KS - SALINA - Hamfest. Central Kansas 
ARC, Ron Tremblay WAOPSF, 785-827- 
4149. Email: tremblay@midusa.net 

MA - CAMBRIDGE - Hamtest. MIT Radio 
Society/Harvard Wireless Gub/MIT UHE 
Repeater Assn., Steve Finberg W1GSst_ 
email: wigsl@mitedu (Nick Altenbernd 
KAIMQX, 617-253-3776 Yam-Spm.) Web: 
hepy/web.miceduswimx/www/swapfest 
Aun 


NJ - MULLICA HILL - Hamfest. Gloucester 
County ARC, Harry Bryant AA2WN, 856- 
478-4738 Email: hbryant@excelonline.com 
Web: hetp://www.gcarc-w2mmd.org 

OH - WARREN - Hamfest. Warren ARA, 
Renee McCaman KBSSVF, 330-847-8478. 
Email: mccaman@cboss. cam Web: 
hetp//www.onecom.net/wara 


August 25 


FL - TAMPA - Hamfest. TARC Club House, 
nghe next to bail field. aam-ipm. Talkin: 
147.105+. Tampa ARC. Bil Craine KALAW, 
813-265-4812. Email: kdlaw@arri.net Web: 


http://w ww.hamclub.org 

IN - LAPORTE - Hamfest. LaPorte County 
Fairgrounds, St. Rd. 2 West. 7am-1pm. 
Talkin: 146.52, 146.61-, PL 131.8. LPARC, 
Neil Straub W2Z9N, 219-324-7525. 

Email: nstraub@niianet 

Web: www.geocities.com/K9JsI 

MO - COLUMBIA - MO State 
Convention/CMRA Hamfest. National 
Guard Armory, Hwy 63. Central MO RA, 
Dale Huffington AEOS, 573-875-6170. 
Email: dale@tranquility.net Web: 
Wwww.qsl_net/emra/hamfest2001.hem 

NY - MARGARETVILLE - Hamfest. 
Margaretville ARC, Lester Bourke KB2DCE, 
845-586-2324, Email: bourke @catskliLnet 
Web: http-//www.catskillnet/marc 

TX - GAINESVILLE - Hamfest. Caok 
County ARC, James Floyd NSZPU, 940-668- 
7511. Email: |loyd@cooke.net 

WY - WESTON - Hamfest. WV State ARC, 
Ann Rinehart KABZGY, 304-768-9534. 
Email: kaSzgy@arrinet web: 
http://www.qsl.net/wvsarc 


August 25-26 


MIM - RIO RANCHO - State Convention. 
Marcus Lieberman KM5EH, 505-836-1724. 
Email: kmSeh@arrinet Web: 
http://www.qsl.netdchf 


August 26 


IL - DANVILLE - Hamfest. Vermilion 
County ARA Communicadons Center, 
Harrison Park West Addition, off I-74. VE 
testing. Talkin: 146.820 (-600). VCARA, 
email: VCARAWTalk.ta 
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I - JOLIET - Hamfest. Bolingbrook ARS, 
Thomas Ballard NOLIY, 630-739-3740, 
Email: th1303xt mediaone.net Web: 
hetpe//geocities comvkgbar/ 

Moe ST. CHARLES ~ Hamfest. WFW Hall, 
66 VFW Lr. 6:30am-1pm. VE testing. 
Talkin: 146.670-. St. Charles ARC, Kenneth 
Fieser KBOVLN, 314-428-4383. Email: 
kfieser2aaLcam Web: 
hetpy/www.guLcom/wbahsis 

MY - YONKERS - Hamfest. Yonkers ARC, 
Tommy Monzon WSACT, 914-533-2892 or 
203-794-2665. Email: w5act@arrLnet Web: 
htrpa/www.' 


yarcory 
PA - HEW KENSINGTON - Hamfest. 


Skyview Radio Society, Robert Livrone 
N3WAV, 724-339-9607. Emall: 
niwavdartlnet Web: http//www.mice 
oconnectneu -geross/skyview.htm 

‘TN - LEBANON - Hamiest. Short Mountain 
Repeater Club, Roger Hughes W4lv, 615- 
893-5623 


SEPTEMBER 2001 _ 
September 1 


Ca - VACAVILLE - Hamfest. Vaca Valley 
RC & Westem States Weak Signal Society, 


Tired of Expensive Inkjet Cartridges ? 


Larry Hogue W60MF, 707-452-9701. 
Email: w6omf@cwnet.com 

CANADA - ON - OTTAWA (CARP) - 
Hamfest. Ottawa ARC, Greg Danylchenko 
VEBYTZ 613-236-9291. 

Email: fleamarket@oarenet 

Web: httpy//oarc net/fleamarkec 

NM - ALAMOGORDO - Hamfest 
Alamogordo ARC, June Alchmond KSBHE, 
505-437-0298, Email: kSirw@zlaneccom 
Web: http://www.zlaneLcam/AARC/ 


September 1-2 


CY - ENFIELD - Conference. Eastern 


Save 90% on Inkjet Inks ! 


| Xerox Home Centar 450, XU6C Inkie 


SAVE 30-55% on New Compatible Cartridges 
Bolded Prices below lowered 5/1/01! 


Printer (Callfor Others Not Lstedl) _|_#of Refills | Cost/Refill| Kit Price 4 
| Black | Color | Black | Color | Black 1 Color | 
HP 500 Series, 400, Officejet 300, 350, Fox 714 | 471 2.85 | 32.95 39.95 
HP 600 Series, Officejet 500, 570, 600 7.14 | 4713.21 | 32.95 44.95 | 
\HP 820C, 855C, 870C, 1O00C, 1I50C, Copier 120.210 | 4 12 | 6.67 3.33 | 39.95 39.95 | 
HP 720C, 722C 712C, 880C, B90C, B95CN20C. N7O0Ci__6 12 6.67 3.75 | 39.95 44.95 
| HP 900c Series, PIOOO Series, Cificejet G55,G85,695 | 6 12 | 6.67 3.75 | 39.95 44.95 | 
| HP 2000C Pro Color Printer, 2200, 2500 7 6 | S71 6.67 | 39.95 39.95 | 
' Conan B10, 200, 210, 240, 250 Apple SWriter 12001500, 14 20 | 2.18 2.00 | 29.95 39.95 | 
\ Canon 8.)C-4000 Series, C2500, €3000,C3500,C5000 60 60 | _:~(0.60 0.67 | 29.95 39.95 
| Conon BIC-6000, 3000, 3010, $400,S450 [148 2.85 1.67 | 39.95 39.95 __ 
| Epson Styks Color 500, 200 20 17_| 1.50 2.35 | 29.95 39.95 
| Epson Stylus Color 400, 600, 800, 850, Photo | 20 17 | 1.50 2.65 | 29.95 44.95 
Epson Stylus Color 440, 640, 660, 740, 760, 860 |20 17 | (1.50 2.65 | 29.95 44,95 
Epson Stylus Color 480 / 580/880 NEW | 20 17 | 1,50 2.65 | 29.95 44.95 
Lexmark 3200, 5700, 21), 712, 231, 232, 242,751,252 | 15 17 2.67 2.35 | 39.95 39.95 
|__Compag 14300, 1J600, 1J700, 1900, Xerox XIBC_| 15 172.67 2.35 | 39.95 


1.36 3.43 29.95 


Printer 


(CALL FOR OTHERS NOT LISTED 11) 


BLACK Cartridge | COLOR Cartridge | 
Oty 1/3/64 __ 


Qty 1/3/ 6+ 
it 


| Conon BJC-4000/5000/2000 Serias, C2500, C3000 __ 


| $4.50 / 3.83 / 3.69 | 


$10.95 / 9.31 / 8.98 | 


3500, C5000, C5500 _Apple StyleWriter 2400, 2500 | $4.50 13.83 / 3.69 


$10.95 / 9.31 / 8.98 


Conon BJC-70,BIC-80__G pack Black / 3 pack Calor! 


| $9.95 18.46 / 8.16 


14.95 / 12.71 / 12.26 


Epson Sty Color, Color Pro, Pro XL 


9.95 | 8.46 / 8.16 


213.95 / 11.86 / 11.44 


$9.95 | 8.46 [ 8.18 


$13.95 / 11.867 11.44 


jen Sty'us Color Il, ils, 200 


Stylus Color 400, 500, 600, 800, 850,1520 


22:98 1 8.46 / 8.16 {$13.95 / 11.86 / 11.44 


| Epson Sts Color Photo 7:50, 900, 980,13 1200 


"$10.95 79.31 / 8.98 $15.95 /13.56/ 13.08 


ae 11.44 


| Epcon Stylus Color 480, 580, 880, Photo 


$10.95 / 9.31 / 8,98 | $14.95 / 12.71 f 12.26 


— Stylus Color 777, 870, 875, 1270, 1280 Requires Empty ll {$11.95 11.95 /11.95 


$15.95 / 15.95 / 15.95 


Quality Inks for: 


Inkjef 


HP © Epson = Lexmark 
Canon ¢ Apple « Xerox 


www. inkjetsw.com 
(480) 668-1069 Fax 
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New Combination Black / color kits!| 


402 black dye /2 oz C,M,Y color - 
4 oz black pigmented /2 0z C,M,Y- $49.95 


Mon-Fri 8:30-5:30 PDT 11:30-8:30 EDT 


1-800-447-3469 


(480) 668-0959 


$44.95 


Ay F 


‘Write In $2 on Reader Service Card, 


VHF/UHF Society & North East Weak 
Signal, Bruce Woad N2LIV, 631-265-1015. 
Email: bdwood @erols.com 

WC - SHELBY - Hamfest. Shelby ARC, John 
Ledford W4]L, 704-482-4507. 

Email: w4jl¢shelby.net 

Web: http://www.shelby.neun4afan 


September 7-8 


AR - MENA - Hamfest. Queen Wilhelmina 
Stace Park. 7am-Spm bath days. VE test- 
ing. Queen Wilhelmina Hamfest Assn., 
Charlotte Lee KCSDOR, 870-642-7656 
home er 870-642-2234 ext. 107 work. 
Email: clee194B@yahoo.com 


September 7-8-9 


CA - RIVERSIDE - Convention. Inland 
Empire Council of AR Organizations, Judy 
Ann Lowman W6YBS, 909-941-2347 or 
909-862-1886. Emall: wéybsu?juno.com 
WY - LARAMIE - Hamfest. Campbell 
County ARC, Jay Ostrem W7CW, 307-682- 
7039. Email: w7cw@artl.net Web: 
http://www.w7cw.vcn.com 


September 8 


FL - MELBOURNE - Hamfesc. Pladnum 
Coast ARS, Joe Mitchell KaAW, 321-723- 
1105. Email: hamfest@pcars.org Web: 
hetp//www.pcars.orm 

IM - SPENCER - Hamfest. Owen County 
ARA & Bloomington ARC, Millard Qualls 
K9DIY, 812-332-0074. Email: 
wo9lnlvarrl.nec Web: http://www.bloom 
ingtonradio.org , 

KY - LOUISVILLE - Convention. Bullite 
County Fairgrounds. Greater Louisville 
Hamfest Assn., Herbert Rowe W4WQD, 
812-294-4905, Email: wd4ixl@june.com 
Web: http://www.thepaintnet/ - glha 

Mi - GRAYLING - Hamfest ARA of Hansen 
Hills, Jon Schultz N8YSS, 517-348-4966. 
Email: jschula@izk.nec Web: 
hetp://www.arahh.org/swapshop.hrml 
MW - RUSH CITY - Hamfest. East Central 
Minnesota ARC, tarry Jilek KAQMEN, 120- 
358-4205. Emall: j@ecenetcom 

MY - BALLSTON SPA - Hamfest. Saratoga 
County Fairgrounds. 7am-3pm. VE testing. 
Talkin: 146.40/147.00, 147.84/147.24. 
Saratoga County RACES, Dariene Lake 
N2XQG, 518-587-2385 

PA - BARTONSVILLE - Hamfest. Eastem 
PA ARA & Pocono ARK, Jerry Truax N3SEl, 
570-620-9080. Email: n3seivcarrl.net 

WA - GRAHAM - Hamfest. Radio Club of 
Tacoma, Lou Simmons KB7 WDB, 253-847- 
5124, Email: kb7wdb@june.cam Web: 
hecpy/www.w7dk.org 


September 9 


MA - ORANGE - Hamfest. Mohawk ARC, 
John Dauld AE1B, 978-249-5905, Email: 
aeib@gis.net 

MA - SOUTH DARTMOUTH - Hamfest. 
Southeastern MA ARA, Tim Smlth N1TI, 

508-758-3680. Email: 
rt_smith@yahoo.com 
NY - BETHPAGE - Hamfest Long Island 
Mobile ARC, Ed Mura K2EPM, 516-520- 
94311. Email: hamfese@limarcorg 
Web: http//www.limare org 
GH - FINDLAY - Hamfest. Findlay ARC, Bill 
Kelsey N@ET, 419-423-4604. 

Email: kanga@brightnet Web: 
Necp:/www.brightnet/- kanga/waft/h 
amfesthtm! 

"A - BUTLER - Western PA Section 
Convention. Farm Showgrounds, Roe 
Almort. fam-4pm, Talkin: 147.36+. Buder 
County ARA, Kevin Berry KF4RMA, 724- 
586-1162. Email: kf4rma@arrl.nec Web: 
hrtpy/www.gsl.necsw3udK/ 


September 14-15 


AL - MOBILE - Hamfest. Mabile ARC, Larry 
Early WHAYOR, 334-342-7601. Web: 
http://www.angelfire. com/alémarc3 


September 14-15-16 


ik - PEORIA - IL State Convention. 
Expasition Gardens. fri: 3pm-dark, 
Commercial Bldgs,, Sat: dam-4: 30pm, Sun: 
§am-3pm. Gates open 6am Sat & Sun. FCC 
testing. Talkin: 147.075+. Peorla ARC, 
email: w9uvi@arrl.net Web: 
www.w9uvlorg 


HAM GEAR 
FOR SALE 


NEW BATTERIES for Motorola GP-300, 
GP-68. Cases and battery illuminators. 
Original and after market accessories. To 
oder call 604-468-9290 or visit 
www.nsiradia.com 


kA 


2.4GHz ATV — & channel TRANS- 
MITTERS AND RECEIVERS. 15mw 
output power, | video channel, 2 audia. SMA 
connectars, NTSC/PAL compatible. Includes 
1/4 wave rubber duck antenna, Standard fre- 
quencies are: 2398, 2405. 2412, 2416, 2420, 
2428, 2438, 2442 MHz. Custom frequencies 
are available. See ad in this section for power 
amplifier. S79jeach for transmitter 
$79/oach for receiver. EATV. Visit 
our web-site for dealers or arder on-line at 
woww.4aty.com 


2.4GHz POWER amplifier with power 
supply. 10-40 mW input. | (one) wart output 
with in-line SMA connectors and built-in 
heat sink Approx 2" x 2" x 5/8" size 
Frequency range 2.3GHz-2.5GHz. 
S189jcach, Compauble with all ATV prad- 
uct lines. See our websice for more info an 
accessories and transmitter and receiver 
modules. EzATV. Visit our web-site for deal- 
ers or order on-line ar www -4awv.com 


SUPER HIGH GAIN |4 dbi flat antenna 
with N or SMA connector wned for 23-25 
GHz Use with 2.4GHz ATV 8 channel trans- 
mitter or receiver, SE79fea. SPECIAL 
PRICE. E2ATV.Visit our web-site for dealers 


or order on-line at weew4ary.com 


1.2 GHz 
MINIATURE 
VIDEO TRANS. 
$00 FTLO.S. 


HIGH POWER 
1.2 GHz VIDEO 
TRANSMITTER 
1000 FTL. O.S. 


2.4GHz MINI? 
VIDEO TRANSMITTER 
1.142 INCH LONG 
500 FT L.O.S. 


2.4GHz WIRELESS” <7 
4 CHANNEL RECEIVER 
AUTO SWITCHING 

1.2 GHz ECL-1200VR 


4 CAMERA 
DIGITAL RECORDING... . - 
AND MONITORING SYSTEM 
VIEW CAMERAS FROM ANY 
LOCATION - IP ADDRESSABLE 
GREAT PLAYBACK RESOLUTION 


SATELLITE TV. Complete selection of C 


& Ku band equipment. 
WWW. DAVESWEBSHOP.COM 


1.2GHz ATV — 8 channcl TRANS- 
MITTERS and RECEIVERS. 75mwW 
output power, | video channel, 2 audia. SMA 
connectors. NTSC/PAL compatible. Includes 
1/4 wave rubber duck antenna. Standard fre- 
quencies are: 1250, 1255, 1260, 1265, 1270, 
1275, 1280, 1290 MHz Custom frequencies 
are available. $79jeach for transmit- 
ter. $79/each for receiver. EZATY. 
Visit our web-site for dealers or order on- 
line at werw4atv.com 


WANTED: ROCKWELE-Collins HF-80 
equipment. 851S-1. 237B-3 log periodic, 
Collins literature. jim Stitzinger 805-259- 
2011, 805-259-3830 (fax), bfl-jfs@smarc 
link net 


CB — SCANNERS 


SCANNER ANTENNAS: VHF/UHF 
Discone base antennas $29.95 + S&H. 
HF/VHF/UHF super Discone $45.95 + S&H, 
mobile antennas $24.95 + S&H, super scan 
duck handheld antennas $19.95 + S&H. Also 
antennas for amateur, CB, cell, GMRS, MURS, 
SWLTV. Antenna Warehouse. 811 9th Ave., 
Camanche, IA 52730. MC/Visa__ toll 
free order lin 877-680-7818. 
wWww.antennawarchouse.com 


CB MODIFICATIONS! = Freq- 
uencics, books, kits, high-perfor- 
mance accessories, plans, repairs, 


amplifiars, 1Q-meter conver- 
slons. The best since I976! 
Catalog $3. CBCI, Box J0655NV, 
Tucsen, AZ Bs751. 


www.ebcintl.com 


240+ CHANNEL CE/HAMFRIYCOM- 
MERCIAL radios: AM/FM/SSA/CW expory 
domesue: RC! TEKK, Motorola, Uniden, 
Cobra, Alinco. Kenwood. Mies, antennas, fin- 
ears, meters, mod books, manuals. schemat- 
ies, night scopes, and cons more stuff? 
Camlog $3. MAXTECH, Box 8086, New 
York, NY 10150. 718-547-8244. www.penny 


circus.net 


ECL-372 


3.5 INCH 
BAW MIN! DOME 
CAMERA 420 TVL 


ECL-1200MN 


BAW MINI CAM 
WITH INFRA-RED 
ILLUMINATORS, 


CB RADIO REPAIR $25 + parts. 
wrew.rileyselectronics.com |-888-834-1495. 


MUSIC & 
ACCESSORIES 


COMPUTER 
HARDWARE 


DEC EQUIPMENT WANTED!!! We 
are buying DEC systems, boards, terminals, 
drives and peripherals. Also Scientific Micro 
Systems (SMS), CMD. Darability, Dilog. DSD. 
EMULEX, other DEC compatibles. Please 
contact us for a quote or fax/email your 
equipment list We buy, sell, and trade. KEY= 
WAYS, INC., 937-847-2300 or fax 937- 
847-2350 or email buyer@kcyways.com 


BRAND NAME low-end Pentium com- 
puters starting at $50. Call Jerry W2GIA. 
Disks N Data. 1-800-833-6893 or E-Mail: 
dndcom@earthlink.net 


VGA TO COMPOSITE (NTSC) VIDEO 
CONVERTER 000. Handheld. 
Powered from keyboard with S-video and 
RGB outputs. too. 3:1 zoom control with 
many extras, S99fea Matco, Inc., 
Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visivorder on-line at 
wWerw.matco.com 


NewcComputcr.com COMPARES 
prices and detailed product specifications 
fram top onfine sellers. Visit 
NewCeomputercam to save time when 
shopping for new computer equipment 


EVERYTHING NEW wiwarranty! Best 
prices. Motherboards with CPU 900MHz 
$195, custom configured systems, modems 
$19,DSL madems $35, multimedia kits, scan- 
ners, monitors, cases, $20, Hard drives sizes 
to 40 gigabytes. 540 megabyte $15. Sound 
adapter $10. Call 714-778-0450. Email: 
ccl@surfside.net 


7OOMHE SYSTEMS $199. Computers 
from $49, motherboards $20, color printers 


$45, 1.4/1.2 floppies, speakers $10. 714- 
778-0450. 


ECL-377 


420 TVL 0.1 LUX 


OLUX @ 10 FT 


A 


hee 


_$350- 


12 INCH Biw 
MONITOR 
1000 TV LINES 


SPECIAL: 


4-800-323-8746 


4 CH, VIDEO 
SWITCHER 


ADJ, DOWELL TIME 


DATA ACQUISITION: This very com- 
pace and low-cost kit will allow virtually any 
PC to be used for quick and easy dara acqui- 
sition and eontral. It conneets ta any sean- 
dard parallel printer port. and despite its tiny 
size provides eight analog inputs. four digital 
inputs, and four digieal outputs. 
ww.electronickits.cam 


COOL USB 1/0 GADGETS. Hardware. 
accessories, development kits, design notes. 
See it all at WWW-TM1000.COM 


HP NETSERVER (LXR&500 Xeon 
7SOMHz rack mount Unused cost ong 
$36. Make offer. Phato and demils on 
wow industrialswap.com 


750MHz AMD Duron comput- 
er system. 20 gigabyte hard drive, 
50X CD-ROM drive. 128MB memory, 
64MB video, 4 USB ports, LAN, S6K 
madem/vaice/fax, sound, speakers. key- 
board, mouse, ATX case, many FREE 
applications, 2 year warranty! $379. 
900MHz system, same as above but with 
DVD player. 3469! Upgrade your ald 
computer, 750MHz CPU and ATX moth- 
erboard with video/sound/modem/LAN, all 
ports $169! Visa/MasterCard/ Amex. 
order/details 847-657-1160. 
werw.saveware.com 


SONY PLAYSTATION piug-in 
GAME ENHANCER $29 or sol- 
der-in mod-chip $19! Plays backup 
COPY of CD, you do not need to have 
original to play backup! 
Visai/MasterCard/Amex, order, details 847- 
657-1160, vwww.saveware.com 


19” RACKMOUNT ATX PC chassis, 
$149 (with ad). www-stores.yahoo.com/cti- 
texas, 972-242-8087. 


COMPUTER 


SOFTWARE 


HLTECH UNDERGROUND 
SECRETS CDs. Compurer/ 
satellite/cable/phone. free energy. mind 
machines, faser listener, anti-gravity 
electromagnetic/electrostatic derectars, 
painivirus/AIDs killers, ete. 
hrupdiwww, hi-techstufl.com 


ECL-380 


WEATHERPROOF 
BiW BULLET CAM. 


WEATHERPROOF 
BAW CAM WITH INFRA- 
RED ILLUM. 420 TVL 

OLUX @ 10 FT 


a i a CHANNEL = @ SY 


BAW REAL TIME 
QUAD WITH SWITCHER 


B/W CAMERA WITH 4MM AUTO IRIS LENS 


PLUS OUTDOOR HOUSING AND BRACKET: 


CALL NOW FOR YOUR FREE COLOR CATALOG! 


WWW.CCTVOUTLET.COM 
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KEYSTROKE LOGGER: This new soft- 
ware hides in the background on your com- 
puter allowing you ta view what other peo- 
ple have been doing on the Installed com- 
puter. Great for monitoring the children or 
the wife. wew-spousewatcher.com 


LIQUIDATION WINDOWS 95/98. 
Office suites $10-69. Wvindows companion 
$5. Windows mutorials $5, Norton Antivirus. 
Ghose Virtual drive $15.71 4-778-0450. 


FRE! CD-ROM and software disk cat- 
alog MOM 'N' POP'S SOFTWARE.PO 
Box 15003-N. Springhill, FL 34609-0111. 
352-628-9108, momnpap@gate.nec 


eS ee 

WWW.SCHEMATICA.COM FOR prs- 
fessianal freeware and shareware. Active and 
passive filter design, 585 designer. linear sim- 
ulatars. 

WINDOWS 98 SE $119! Windows 
95B S79! Visa/MasterCard/orderidetails 
847-657-1160, www.saveware.com 


Dan’t miss a single issue! 
Have Nuts & Voits delivered 
right to your daar every month 
for anly $19.00. 

Call 1-800-783-4624 


COMPUTER 
EQUIPMENT WANTED 


@809 GIMTX CPU card wanted. Doctor 
Gardon 305-653-8000. Office 301. 16900 
NW 2nd Ave., Miami, FL 33169. 


WANTED: FOR Historical museum, pre- 
1980 microcomputers, magazines, and sales 
literaure. Floyd, VA 24091-0341 (540-763- 
331 1/540-382-2935). 


DEC EQUIPMENT WANTED!!! We 
are buying DEC systems, boards, terminals, 
drives and peripherals. Also Scientific Micro 
Systems (SMS), CMD, Datability, Dilog. DSD, 
EMULEX, other DEC compatibles. Please 
contact us for a quote or faxfemail your 
equipment list We buy. sell.and rade. KEY= 
WAYS, INC., 937-04: QQ or fax 937- 
847-2350 or email buyer@keyways.com 


DEC EQUIPMENT WANTED!!! We 
are buying DEC systems, boards, terminals, 
drives and peripherals. Also Scientific Micro 
Systems (SMS), CMD, Datability, Dilog, DSD, 
EMULEX, other DEC compatibles. Please 
contact us for a quote or fax/email your 
equipment list. We buy, sell, and trade. KEY- 
WAYS, INC., 937-847-2300 or fax 937- 
847-2350 or email buyer@keyways.com 


FEITEK PROVIDES repalr, calibration 
and traceable certifications of test equip- 
ment. Free estimates. We buy, sell and wade 
all makes of test equipment Visa and 
MasterCard accepted. Check out our Inven- 
tory and specials ac WWVWW.FEITEK.COM 
2752Waltan Road, St. Lauls,.MO 631 14.314- 
423-1770, 


KENTRONIX TEST EQUIPMENT 
SPECIALS. Check our WEB site at 
http:jiwww.kentrenix.cam = for 
monthly specials. We are alsa locking to buy 
test equipment, coaxial and waveguide com- 
ponents, manuals, etc. Contact Brian at 732- 
681-3229 or FAX 732-681-3312 E-Mail: 
brian@kentronix.com 


TEST EQUIPMENT technicians needed: 
libration and cepalr techs. Three full-time 
openings. Our company sells, rents, repairs, 
and ealibrates HP and Tek We are located in 
Broomfield, Colorado, between Boulder and 
Denver. We perform electronic and physi- 
cal/dimensional calibrations. Please send 
resume to iri@calibration.com 


WANTED: RADIG service monitors. 
IFR, Motorala, H® Marconi, alsa late mode! 
HP equipment. 716-763-9104 or fax 716 
763-037. heepsliwww.amtronix.com 


GIANT DIRECTORY ONLINE: Over 
S00 dealers In used test equipment, used 
semiconductor production equipment, sur- 
plus lasers, optics, vacuum equipment, etc. 
Test equipment auction and rental sites, 
and foreign dealers, manual dealers, 
No regiscration or cookies. 
www.blg-list.com 


A-COMM ELECTRONICS: we buy and 
sell test equipment. htp//www.a-comm.cam 
11891 E 33rd Avenue, Aurora, CO 80010, 
Tel: 303-34 |-2284, fax 30: 293, 


— 


POCKET TESTBENCH., inexpensive 
RS-232 virtual instrument, with scope, logic, 
counter, and generator moder. 
weew.oricomtech.com 


AFFORDABLE HP power sensor repalr! 
Mose B481As cepaired for $305 or less. We 
also handle 478As and many others. Call or 
fax for more information. Willamerte RE. Inc.. 
541-754-7226, FAX S41-753-4629. 


MODEL 109 pseudo-random noise and 
arbitrary wavelarm generator only $289, 
TOL Technology, Inc., www-zianet.com/tdl 


POGO PINS — For automated circult 
board resters. Everet/Charles Tech HPAOT 
& HPA74T65s for (0 cents cach, new price 
is over a dollar each! These are reclaimed In 
excellent condition with no detectable up 
wear, heavily gold placed and really nice, your 
satisfaction guaranteed. $10 minimum order, 
{ pay posmge. Send a SASE or email for free 
sample. Carter Cybernetics, [655 Sheringron 
Place 2-206, Newport Beach, CA 92663. 
hetpi/www.cartercybernetics.com 


TAAL ele i(=\1'fe \'£-)(-) ore) an 


(Electronically Speaking, Gafeway’s Got It!) 


MAIL ORDERS CALL TOLL-FREE 1-800-669-5810 


3H Aseust 2001) Nuts & Volis Magazine 


Clecia 837 on the Reader Service Card, 


ALARMLAND.COM SECURITY 
devices for professionals. Motion detectors. 
panels, contacts, CCTY, and more. Fax your 
order to 732-840.! 390. 


C $e 


9 VOLT IR sansitive B/W high res 
430 TVL camera with optional black 
low-profile swivel adjustable enclosure. Pin 
hole or Std, lens type. 4 8. and 12mm lens 
are available. 1/3” CCD, 3.6mm/F20 lens 
Included: warks trom 7.5=13 VDC. highest 
voltage range in market. 0.08 lux, 1.27" x 
1.27" x 0.5°D pinhole or |” deep standard. 
$49 each. Enclosure: $8: optional Sens 
$18. Dealers welcome, Mateo, Inc., 
Schaumburg, IL, 1-800-719-9605, 


sales@matco.cam ar visivorder on-line at 
wyew.matco.com 


Pc MONITOR AS SECURITY 
MONITOR The YGA-80! accepts stan- 
dard NTSC or PAL inputs for display on any 
existing VGA/SVGA computer monitor. Small 
compact size. Over 600 lines of resalution. 
twice that of standard TV monitor! $69 
each Dealers weicome. Matco, Inc., 
Schaumburg. IL. 1-800-719-9605. 
salos@matco.com or visivorder on-line at 
www matco.com 


2 mv ; 

c 4 
WEATHER RESISTANT OUTDOOR 
CAMERAS. WR-700 type, high impact 
tempered glass with stand. Black & white 
{430 lines), or color (420+ lines) available. 
Standard 3.6mm lenses with optional lenses 
of 6, 8. and 12 mm at $20 exua BIW 
$119/each. Color S179jfeach. Small 
compact size with sun shield. Marco, Inc. 
Schaumburg. IL, 1-800-719-9605, 


sales@mateo.com ar visivforder on-line at 
www.matco.com 


SURVEILLANCE-COUNTERSUR- 
VEILLANCE: | buy and sell used equip- 
mont. Steve 410-879-4035. 


: 


COUNTER-SURVEILLANCE=S250 
HR! Electronic eavesdropping is unbeliev- 
ably widespread! Are you sure you're safc! 
Learn how others (without prior experi- 
ence) carn $250 HR in the fascinating field 
of COUNTER-SURVEILLANCE! For FREE 
catalog eal: 1-800-732-5000 
HTTP:IAWWWSPY.CITY.COM 


SPECIAL PROJECTS: Wild. weird. 


wacky, wonderful hardware, technical 
coaching, website designs 
Lone Star Consulting. Inc. 


www lonestartck net 


WwW wW.COVERTBUG.COM 4 HR 22 
min DIGITAL RECORDER. Internal 
microphone & speaker. VOX. external micro- 
phone & carphane. Telephone recording 
coupler, 4x1-3/8x9/I6in. Visit website for 


approved. 24GHz transmitter & receiver 
with audio! Capable handling total of 4 wire- 
less cameras, range: >300". Built-in camera, 
400 TV line. $199 per system. 


Additional cameras ac $129/each. Matco, details. Brochure. $225 + $6 S&H. 
Inc., Schaumburg, ¢ 1-800-719-9605, Shefficld Electronics. PO Box 377940, 
sales@matco.cam or visidarder on-line at Chicago, 1L 60637. 773-324-2196. 


www, matce.com sheffield@cavertbug.com 


THE TLC-1 records automatically all tele- 
phone conversations up to 12 hrs. on a sin 
gle tape, $69. The FMX-I detects and 
locates bugging devices. $69. The TLP-8 
stops others from listening in or recording 
your telephone conversations, $49. Send 
check to Vakis. 2930 Pine Ave.. Niagara Falls. 
NY 14301. Buy wholesale directly from man- 


ufacturers. 


GET THE CATALOG TODAY! 


Over 100 NEW products! + . 
www.ramseykits.com| - 


SYNTHESIZED FM STEREO RADIO STATION 


+ Synthesized 88 to 108..no diift ! 

+ Bult in mixer - 2 Ene inputs and one 
microphone inpul! 

+ High power module avilable for export use 

« Low pass fitter for great audia 


Our FM100 is used a over the world by senous hobbyists as well as churches, 
dave m theaters, and schools. The fut incudes metal case. whip antenna and 
bud in 110 volt AC power supply. 

FM100 — — Super-Pro FM Stereo Radio Station Kit $249.95 
FM10QWT — 1 Walt, Wired Export Version $399.95 


SYNTHESIZED FM STEREO TRANSMITTER 


Professional quaity rock stable synthesized transmit- 
Ice. Drp smich settable for any frequency between 
88 103 MHz. Sirappable for high power output for 
expert applications. Our most popular ku. Stan 
your awn radia station today wath he FM2S! 
Synthesized FM Stereo Transmitter Kit $129.95 


FM STEREO TRANSMITTER 


Great entry level FM broadens! lst. Thousands in use. Handy 
tor sending music through house and yard. ideal for schoo! 
projects too - you'l be amazed at the exceptional audio qual 
ty! Rums on SV bottery or § to 15 VDC. Add matching ease 
and whp antenna set for great peo look. 


—S 


ad 
ML200 


Fu25 


FM10A — Tunable FM Stereo Transmitter Kit $34.95 
CFM Matching Case and Antenna Set $14.95 
FMAC 12¥ DC Wall Plug Adapter $9.95 


RF WIRELESS LINK MODULES 


+ SAW Resongiors lor high stabilhy - NO Dnt! 
Powerful +10 dom ouput 

+ Range up to 600’ 

+433 MHz beense- tree band 


+ Sensave superhet recerver with RF LNA WCT20 
| + Stable over tull 3-12 VDC range CwCT 
Opnonal on board 12 bi encodes decoder 


usng Haltek HT12 senes chips, Quarter not incksded! 
RXD433 433 MH? Receiver/Decoder Mod., Assembled $26.95 
TXE439 433 MHz Transmitter/Encoder Mod., Assembled $24.95 
RX433 433 MHz Data Receiver Mod., Assembled $21.95 
1X433 433 MHz Data Transmitter Mad., Assembled $19.95 


_THE CUBES! MINIATURE VIDEO TRANSMITTERS 
Ww: 


‘Wireless crystal clear reception, yet smaller than a 
quarter! Transmus color or B&W with lantastic 
Eas \ quality almost ike a hard wire connection {0 any TV 
‘or VCR tuned to cable channel 59. Crystal con: 
trolled for no rrequency daft with perfermanec that 
equals ‘ow enfarcement models that cost hundreds 
more! Basic 20m unit goes up to 300" while the 
high power version can virtually double that range! Fully assembled and test 
ed, and ready 10 go. Powercd by a standard 9Y battery. Name that Quarter! 
C2000 Video Cube, Factory Assembled & Tested $89.95 
2001 High Power Version, Assembled & Tested $129.95 


SG? 
ACT2Z5 


ee? 
—- 


ELECTRONIC PROTOTYPING SOFTWARE 


== Priced for the hobbyist! 


Z ts 
PLAB4 Electronic Prototype Software, Win95/98 


ANALOG-DIGITAL PORTABLE LAB STATION 


‘The COMPLETE analog: digital lab station in onc. 
Includes function generator, clack output, power sup- 
piss, level swilchcs, pulsers, pots, LEDs and a LARGE 
readboarding area all in ane! Includes a custom 
molded case a$ shown. Used through the worid at 
untversities, technical schoals, and R&D labs. 
Available in “Leatn as 
assembled and tested. A greal buy either way! 


tab Station, Kit 
ML200WT Lab Station, Factory Assembled & Tested 


CABLE WIZARD CABLE TRACER 


Wireless Cable Tracer Kit 


Matching Case Sct for Transmitter & Receiver $29.95 
WCT20WT Factory Assembled & Tested WCT20 


SPEEDY PERSONAL SPEED RADAR GUN 


the how's and whty’s of speed radar theory. Leam whule 
02 coffee cans for the antenna (not incuded) and runs on 12 VDC. 
Speedy Personal Speed Radar Kil 

12YDC Power Supply 


AND...OUR FAMOUS MINI-KITS 


These are easy to build kits that can be used either stand 
alone ar as building blacks for mare complex projects. 


You ¢an create and test AC and DC creurts 
minutes after instaling this package on your 
£{PC. Start fram serateh, or fram the included 
hbrary al pre-designed circuits, Drag and drop 
placement from a complete lst of active and 
passive components. Test using a complete ist 
of wnual instruments. Oscilloscope. vollmeter. 
ohmmeter, ammeter, and watt meter, 
$49.95 


you Build” lat form or factory 


$155.95 
$225.95 


Did you ever have to identty the “other end af that 
cable"? No more “ahming it out” wth the Cable 
‘Wizard. Simply connect the wizard transmitter to 
‘ane end of the cable and use the receiver to sniff 
out the other end. It’s as simple as that! The 
transmitter sends a pulsating 2 KH2 sgnal down 
the cable which is heard when the receiver is close 
to the cable. Works with any cable nicluding cox, 
telephone pairs, ethemet and more. Equpped 
with an RJ45 for all telco connections and cip 
leads for single wire connections. 

$39.95 


$99.95 


This low cost microwave radar uses the same pnn- 
Ciple found in police units costing thousands mare 
This has been the number ane Scence Fas project 
for years. Direct digytal readout in mules /hour. fala- 
meters /hour, or feet/second. An earphone jack 
allows you to actually hear the Doppler frequency 
shift of moving objects. Our detailed manual nat 
onty guides you through constuction, but covers 
buld. Uses two 13 


$99.95 
$9.98 


ai TS4 —_—_‘Tickle-Stick Shocker $9.95 
INFRA-RED VIDEO CAMERA ILLUMINATOR BN9 Super Snoop Amplifier Kit $295 
Seal Lets vdeo cameras “see in the dark” Invisible light source to BL1 LED Blinky Kit $3.95 
us, but lols of light to CCD BSW cameras! Iluminates the area TD1 Tone Encoder/Decoder Kit $6.95 
just Eke light, yct cannot be seen. Draws 180mA at 12 VDC Tl? Touch Tone Decoder Kit $29.95 
pene anne SE, CPO3 Code Practice Oseillator Kit $9.95 
Infra-Red Camera Illuminator Kit $24.95 UTS Uni Ti Kit $8.95 
AC125 —12VDC Power Supply $9.55 aaa tL : 


793 Canning Parkway | 
Victor, NY 14564 
716-924-4560 


ELECTRONICS, INC. sales@ramseykits.com 


Circia 638 on the Reader Service Card, 


Order Tod 


www.ramseykits.com 
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COLOR — LOW LIGHT 2 LUX 32mm 
x 32mm, 350 TVL with optional enclosure. 
Pinhole and standard lens types available. 
Price reduction, $99fea Add $10 for enclo- 
sure with swivel mount Matco, Ine., 
Schaumburg, IL 1-800-719-9605. 

Imatco.com or visitforder on-line at 
weewmatro.cam 


QUAD VIDEO CABLE MODULA- 
TOR. CVS-600 inserts 4 composite video 
signals on unused cable channels. 81 thru 95. 
Watch 4 remote security cameras from any 
‘TV in your home! Built-in si amplifier and 
comb filter eliminates any ghosting and actu- 
ally IMPROVES existing video! Only one 
unit needed with existing cable system 
$199/each and $169/each in qty. of 4. 
Mateo, Inc, Schaumburg, !L, 1-800-719-9605, 
sales@matco.com or visivorder on-line at 
www.matra.com 


¢cD BULLET CAMERAS B/W & 
COLOR. AX-800 series, weather resistant 
high impact design with swivel bracket. Will 
work with Matco’s scanning motor, 3/47 
diameter x 37 long approx. BIW: 400 line/0.2 
lux. $¥9feach. Color: 350 lines lux 
SI 19/each — price reduction. Mateo, Inc, 
Schaumburg, aS. 1-800-719-9605, 
sales@matco.com or visitforder onine at 
weew.matce.com 


SECURITY DISTRIBUTORS necded 
for our complete line of products. Complete 
line of products shown abave. MATCO, Inc. 
Visit werw.matca.com and call 630-350-0299 
for more info. 


40 DAYS and 40 NIGHTS 
RECORDER Time lapse. can be activated 
by either cantaet closure ar continuous duty 
operation with standard T-120 cape. 
Models from $349-$529. Matco, Inc. 
Schaumburg, iL 1-800-719-9605, 
sales@matco.com or visitforder on-line at 
werw.matca.com 


Nes 
rn A 


INFRARED FILTER ELIMINATES 
99.9% OF ALL VISIBLE LIGHT — IR- 
9000.All BAW CCD cameras are IR sensitive. 
Place a 25 watt or less light behind the 3” x 
3” filter, and you will see in the DARK. 
$18ieach. Purchase 2 for $30. 
Matco, Ine. Schaumburg. IL. (-800-719-9605, 
sales@matco.cam ar visitforder on-line at 
‘www.muatco.com 


WIRELESS MICROPHONE. Micro- 
sized, UHF erystal-controlled, easy-to- 
assemble kit Range up to 3,000 feet 
Excellent sensitivity. $39. VHS, 1370 Trancas 
Street, Suite 201, Napa, CA 94558. Email: 
Vhs18092@aol.com 


KEYSTROKE LOGGER: This tiny piece 
of hardware installs between your keyboard 
wire and computer in seconds. Then it logs 
all keystrokes, which you can view at your 
convenience, www,spousewatcher.com 


SEE ELECTRONIC SHOWCASE, page 
49 for other MATCO products, including 
wireless systems. 


14” B/W high resolution SECURI- 
TY MONITOR. A standard 12" monitor 
is just too small for mast applications. 
Arrractive dark gray enclosure with audio 
and built-in speaker, 75 ohm termination 
switch for balancing with all types of CCD 
board cameras and other video inputs. 
$139/each. Matco, Inc, Schaumburg, IL. I- 
800-719-9605, sales@matco.com or 
visivorder on-line at wew.matco.com 


5" AND 5.5" LCD high definition 
color monitors w/stereo. 960 x 240 
pixels w/brightness and tint controls 
Attractive enclosure with built-in speaker. 
Great for security or general purpose use. 
Both models have a small compact foot- 
print, with an ultra-bright display, RCA inputs 
NTSC or PAL Special price this month 
anly with regulated power $249jeach 
Mateo, Ine., Schaumburg. IL 1-800-719-9605. 
sales@matco.com or visivorder on-line at 
Wwwrw.macco.com 


PROGRAMMABLE SOLENOID 


+ Low cost mation —-Ratary (PPS-1) 


control 

+ Wide operating 
voltage (12 - 28) 

* Onboard 
Programming 
and parameter 
storage 

+ Self-contained 
electronics 


Unear(PPS-2) —. Simple connection 


only 3 wires: 
Power, Ground, 
and CHD signal 

+ Long Life: 
Brushless ball 
bearing stepper 

+ Constant current 
Torque/Foree 


\_ meses 
VGA TO COMPOSITE (NTSC/PAL) 
VIDEO CONVERTER — ULT-2000. 
Small foot-print. Powered from keyboard 
with S-video and RGB ourputs, too. 3:1 
optional zoom control, simultaneous outputs 


with many extras. $99/ca. 
Matco, Inc., Schaumburg. |L |-800-719-9605, 
sales@matco.com or visitforder on-line at 
wwe. matca.com 


16 CHANNEL MULTIPLEXER. 
Display 4,8,and 16 video outputs direcdly on 
a TV or security monitor. This is the only 
device which allows full screen display of 
video on VCR playback (see 40 days and 40 
nights recorder). Plenty of options including 
tilting. zoom, individual gain adjustments, ete. 
Price slashed to $849 cach — 
Winter special. Matco, Inc, Schaumburg. 
IL, 1-800-719-9605. sales@matco.com or 
visivorder on-line at www.matco.com 


14" COLOR — high resolution 
SECURITY MONITOR wi/4 channel 
switcher. High impact enclosure with 
modem front panel 4 channel video and 
audio switcher. High quality speaker built-in. 
Components purchased separately would 
exceed $500.Winter special. Price slashed to 
$249feach. Matco, Inc., Schaumburg, IL, |- 
800-719-9608, sales@matco.com or 
visivorder on-line at www.matco.com 


ULTRA LOW-LIGHT COLOR — 470 
Unmejo.2 lux camera. CNL-1|-C-HR, 
1.5" x 1.5" x 1". 1/3" CCD board camera 
with J/6mm F2.0 lens, Excellent color rendi- 
tion using Sony chipset 12VDC @ 240 mA. 
Optional 6, 8, |2mm lenses. Special 
51 79feach. Matco, Inc., Schaumburg, IL. |- 
900-719-9605, sales@matca.com or 
visivorder on-line at www.matco.com 


Catch The Bus 


USB Relay Module 


Contra! 8 10 16 “form C", 1 Amp rolays 


USB Opto Module 


8 to 32 opte-isolatod Inpuls and Outputs 


e 
SCANNING MOTOR — A-220SC 
with universal mounting bracket accepts all 
standard 1/4 x 20 threaded CCTV cameras. 
No tilt, just PAN. 75 degrees of continuous 
motion with a scan rate of 8 seconds per 
cycle. 110 volt indoor operation, but can be 
adapted for outdoor use. Includes 12 foot 
power cord. Perfect salution to triple your 
effective camera viewing angle! $39/each, 
or $2S5jeach in qry. of 4. Small size, 3- 
12"D x 2°H. Matco. Inc.. Schaumburg, IL, I+ 
800-719-9605. sales@matco.com or 
visivorder on-line at werw.matco.com 


SATELLITE 


EQUIPMENT 


FREE BIG dish catalog. Low prices! 
Systems, upgrades, parts, and "4DTV" 
Skyvision. |010 Frontier Dr.. Fergus Falls, MN 
56537. www.skyvision.com Call 1-800- 
543-2025. 


BEST PRICING on 18" satellite TV sys- 
tems for home and RV. DISH Network 
DirecTV, multi-room viewing options, acces- 
sories, more. www.skyvision.com Call I- 
800-543-3025. 


SATELLITE REPORT Find all the latest 
in satellite descrambling in this 54-page 
report. Lists all the cheapest and reliable 
sources for hacked cards and equipment 
wrew.clectronickits.com 


SATELLITE TV. Complete selection of C 
& Ku band equipment, 
WWW. DAVESWEBSHOP.COM 


Check out the new 
Computer 


Encyclopedia at 
www.nutsvolts.com 


' USB Digital M | 
Z_~ S Indusiry pigital pin edule 
S USB Temperature Module 


Moasures tomporaturo over multiplo ramofo sensors 


ee a 
S5.00-85) Gras.a0-335) 


The Picard Programmable Soleniowd (PPS) delivers the mation capability of a sophisticaled stepper 
motor system with the simplicity of a solenoid. This elmminates the non-inear and erratic banging 
motion of a tndtonal solenoid The electronica of the PPS allows the user to program and stare the 
Gesred motion profile using the simple user Interface. The innovative PPS gives programmability to 
the moton of a selenaid withaut the expense of a castly mation contol system. 


PICARD INDUSTRIES 


Spectallzing in Minlature Smart Motors and Sensors 


4960 Quaker Hilt Road Email: jeomdep4@iinc.com 
Albion, New York 14411 www. picard-industries.com 
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J-Works, Inc 
12328 Gladstone St., Unit 4 
Sylmar, CA 91342 
(818) 361-0787 Voice 
(818) 270-2413 Fax 


Visit our Web sHo tor froo 
information on all our products 


http://www.j-works.com 
E-mail! sales @j-works.com 


Phone/Fax 716-589-0358 


Circia 640 on Ihe Reade: Service Card. 


MILITARY SURPLUS 
ELECTRONICS 


DOSIMETERS/RADIATION 
DETECTING KITS. New Canadian military 
Surplus, now illegal to import due to recent 
change in Arms Control laws. Ten dasime- 
ters, two chargers, two cadiation meters 
wiearrying cases. Single D cell pawars charg- 
ers and meters. Survival, nucear war, nuclear 
power plants. $125 shipped US. Credit cards, 
checks. Dealers/quantities welcome. Steve 
410-879-4035 or Steve@swssec.com 


AUDIO — VIDEO 


Pe, 
ANTIQUE VIDEO TRANSFER SER- 
VICE: transfer any 2" QUADRUPLEX tape. 
Affordable fast! Phone/fax 415-821-7500 or 
4|5-821-3359. S001 Diamond Heights Blvd. 
San Francisco, CA 94131-1621. 


PC MONITOR AS SECURITY 
MONITOR. The VGA-80! accepts stan- 
dard NTSC or PAL inputs for display on any 
existing VGA/SVGA computer moniter Small 
compact size. Qver 600 lines of resolution, 
twice that of standard TV monitor! $69 
each. Dealers welcome, Matco, Inc., 
Schaumburg, Ih 1-800-719-9605, 
sales@matco.com or visivorder on-line at 
wwew.matca.com 


PRO AUDIO recording gear & video edit- 
ing equipment, antique radios. tubes & 
meters, www.bibbtek.com (regular updates} 
or call Tam 856-222-0636, fax to A56-222- 
0638 for a fresh list. Credit cards welcome. 


SYNC-A-LINK UNIVERSAL video 
sync generators. Phone 918-479-6451, 
Email: re@sstelea.com Syne-A-Link, PO 
Box 4, Locust Grove, OK 74352. 


STEREOSCOPER YR 3D generator. 
GenCams. 918-479-6451, email: 
ric@sstelco.com. Sync-A-Link, PO Box 
4, Locust Grove, OK 74352 USA. 


SPECIAL PROJECTS: Wild. weird, 


wacky, wonderful hardware, technical 
coaching, website designs. 
lone Star Consulting. Inc. 
www lonestartek net 


MY CUTTING iaser. Lasercamm model 
4000. 24x56" less top cover. software & 
docs. Insurance claim. Smake damage. Cost 
$100k More info on 
www.industrialswap.com asking $2K OBO. 
ed4surpius@aal.com 541-791-4411. 


Check Out The Electronics Forums 


at WWW. nutsvelts.com 


CABLE CONVERTERS. Brand new 


Viewmaster. Media Tech. Latest technology. 


Blowout wholesale prices. Guaranteed, 
ready to go. Call for flyer 412-833-0773. 


SPECIAL $45.00 each. Brand new 
128 channel converter In lats of 

Also avai le at rock bottam 
prices, Scientific Atlanta, Jerrald. 
Pioneer, Tacom. All units shipped 
unmodified Same day shipping. 
Se hable espanol. 1-800-889- 
BB42. 


a 


QUAD VIDEO CABLE MODULA- 
TOR. CVS-600 inserts 4 color or black & 
white composice video signals on unused 
cable channels, 61 thru 95.Watch 4 remote 
security cameras from any TV in your home! 
Built-in signal amplifier and comb filter elimn- 
inmates any ghosting and_—_ actually 
IMPROVES existing video! Only one unit 
needed with existing cable system. 
$199each and $169jeach In qty. of 4. 
Matco, Ine., Schaumburg, IL, 1-900-719-9605, 
sales@matco.com or visitforder on-line at 
were. matco.com 


CABLE PARTS & EVERYTHING 
Parts & accessories. Best prices & quantity 
discounts. WE DON'T SELL BOXES. |-800- 
MODULE-D. 


WANTED: TEKNIKA 6510 cable con- 
verter boxes. 707-928-5528. 
lorrendaro@webt.net 


CABLE REPORT: This 50 page report 
centains all the latest in how cable systems 
have been compromised. Including cheap and 
reliable sources for vest chips and equip- 
ment. www.electronickics.com 


CABLE PARTS! Computer parts. Call for 
great prices or visit us on the Web: 
HTTPUWWW.CB-Bectronics.com or call 
1-800-436-8630, 


STEPPER MOTOR 
DRIVER KIT 

Drives unipolar motors from 5V 
to 30V. Controls speed, direc- 
tion and step size. Four speed 
ranges plus single step. Logic 
autput. 


a7Ko004 


> 
el 


MINI PIEZO SIREN 
Dimensions: 43 x 39 x 58 mm. 
Voltage: 6-12VDC @ 150mA. 


Sound level @ 1m: 107dB. 
F(KHz): 1.5-3.5. 
20U001 $7.95 each 


LONGWAVE 
ULTRAVIOLET LAMP 


Pocket-sized tongwave ultravio- 
let light may be used fordetect- 
Ing invisible inks, minerals in 
rocks, etc. It's the size of a 
pocket pager and even has a 
belt clip to keep it handy. Runs 
on two "AA" batteries (nat in- 
Cuded). 3.25"°W x 1.75"Hx 1"D. 
95L007 $7.95 each 


12VDC BUEHLER pu 
GEARMOTOR 

No Load: 60 mA, 62 RPM. Full 
Load: 185 mA, 47 RPM. Load 
Torque: 17 oz./in, Gear Ratio: 
Cast case, sintered 
bronze bearings. Dimensions: 
40 x 40 x 29 mm. Shaft: 3mm 
dia x 10 mm long. Rotation: 
clockwise, facing shaft. 


g8Mao5 $11.95 each 


=p 
<€) R= 
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STEREO AUDIO 

OUTPUT CABLE 

Two colar-caded RCA plugs to 
3.5mm stereo plug. Use to take 
outout from devices such as a 
Walkman and feed to inputs of 
amplified speaker system, or 
sound card output to speakers. 
20wo00d 
20wo0s 


20VDC 130mA 
GEAR MOTOR 
2°dia. x 334" long. Offset shaft 
Ya" dia. x ¥%* long. No load: 
125RPM. Merkle-Korff Ind. 
#127E08600, Rev. B. 
20mM004 
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New Retail Store 
Bigger, Better, 
980 S First Street San Jose,CA 95110 
NOW OPEN for BUSINESS 
PHONE: 408 275-8711 FAX: 408 275 0688 


WALLWART 


Class 2 transformer. 


20E018 


CMOS "SUGAR 
CUBE" B/W 
CAMERA 


@ 15mA, Size: 


S6* x 41), 
g9V010 


ALLOY LINEAR 
ACTUATOR 


$1.95 each 
$20.00/25 


gized length: 


¥ vating temperature: 
} Spec sheets included. 
} | 957001 


(high nolse 


$14.95 each | L298 


 alltronics.com 


Mail Orders: PO BOX 730 - Morgan Hill, CA 95038-0730 
Phone: (408) 847-0033 Fax: (408) 847-0133 
Download our Catalog: http://www.alltronics.com 


More Stuff. 


13VDC 1.2A WHITE 


120VAC 60Hz 25.5W through 
3-prong grounded plug. Out- 
13VDC @ 1.2A, 2.5mm x 
5.5mm coax connector, center 
eqgative. 3.25" x2.5"x 3.125". 
$7.95 each 


Composite video outputapprox. 
240 lines min. Power: 5V reg. 
16mm 
15mm, Lens: 4.9mm F2.8 (for 


$49.95 
SHAPE-MEMORY 


One inch-paund actuator made 
of Tinel.@ Applications include 
robotics, doors, valves, toys, 
shutters, security devices, ma- 
nipulators. Operated by tem- 
perature or electricity. 
ergized length: 100mm. Ener- 
‘Smm. Self-acti- 


$7.95 each 
L298 DUAL FULL- 

BRIDGE DRIVER IC 
Up to 46V operating supply volt- 
age. Total OC current up to 4A. 
Low saturation voltage. Over 
temperature pratection. Lagi- 
cal "0" Input voltage up to 1.5V 
Immunity}. 
Multiwatt-15 package. 
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MINI HEAT GUN 
11@ and HEAT 
SHRINK TUBING 

« Small, compact, lightweight 
heat gun with nozzle tempera- 
ture to 1000°F. Uses standard 
110VAC outlet. 6-foot electri- 
cal cord with workbench stor- 
age loop. U/L recognized. 

= 60 pieces of heat shrink tub- 
Ing from 1/8” to 1/2*. Tubing 
shrinks to half original diam- 


eter. 
202003 $39.95 each 


ATMEL AVR 

8-bit RISC 
Microcontrollers 
ATMEL ATS0S2313-1L0PC 
ATS0S2313-10PC $10.00 
ATMEL AT90S1200A-12P1 
AT90S1200A-12P!1 $10.00 


rena 


sq. x 


De-en- 


100’ Spools So 
22-Gauge PVC Wire 
New Lower Pricing 
Shipping Welght 7 oz. 
JW100BE Blue 
IJW100BK Black 
JW1008R Brown 
3W100GR Green 
1W100GY Grey 
JW100RD Red 
JW100RG Orange 
JW100WT white 
JW100YL Yellow 

$3.95 

JW200GR Green Teflon 
$7.95 


165°F. 


each 


$9.95 each 


Dealers weleame by appointment. 
‘Yiaa, UC, AmEx Ascapled, Al Salan Final 
Calfomia Residents Add Sales Tax. Ship- 
ping Additional on Ad Orders. Price Good 
Daya (rom Data of Pubscation and Sub- 
ject to Change Without Neacs, 


WHOLESALE DISTRIBUTOR. New 
unmodified 860MHz/125 channel converter. 
Features: channel 3 or 4 switchable output 
HRC, IRC standard; audio & video cables 
included: parennal concrel: sleep timer; last 
channel recall: 4 memory + volume remote 
control; SAP (Spanish); by pass technology. 
Call for wholesale pricing. Se hable espanol. 
ABC Wholesalers 1-800-510- 
1924. 


CABLE PARTS for all makes and 
models, raw boxes at low prices. 
Call 1-888-817-8100. No NY 
sales. www.chipplace.com 


ABC WHOLESALER'S specials. 
Minimum loes of 10. SA 8600 $25 ca. Jerrold 
BB $45 ea ferrald 7212 $19.95 ea. Pioneer 
6110 $25, 1-800-510-1924. 


CATV CONVERTERS WHOLE- 
SALES. ClearMax 6000. coalboxes express 
125 channels, Panasonics 175, Avenger, 
boss, and many more. Absolute lowest 
prices. Call 1-877-631-1856. 


POSITIVE AND negative cable TY filters. 
wwew gofiltect.com | -800-235-8080_ Mike is 
back. give us a call We can help in all sinra- 
tens. 

1-800-380-9530. SUPPLYING all 
your cable needs. Specializing in wholesale 
Pricing on raw unmodified converters. Large 
quantities in stack ready to ship. Call for 
monthly specials. 


1-800-322-5286. SPECIALIZING 
in raw unmodified converters. We carry all 
manufacmrers, Call for wholesale pricing. 


av PLUS WHOLESALERS 
www.ovplus.cam New unmodified 
Q6QMHz/125 channel converter. Features 
channel 3 ar 4 switchable outpur HRC IRC, 
standard; audio & video cables included; 
parental control: sleep timer; last channel 
recall: 4 memary + valume remote conuel. 
Call for wholesale pricing. Se habla espanol. 
DEALERS WANTED. OV PLUS: I- 
O77-293-6260. 


Calobraoting oor J7th 


CABLE TV converters, brand new 125 ch 
like VP4000 $49 {10 lot). Original convert- 
ers as low as $29. Warranty, call for best 


prices, 214-552-0078. 


PHONE MANAGER: This unit looks 
exactly like a Callee ID, except it records 
time, date, and length of all autgoing calls. 
www .spousewatcher.com 


CASH PAID FOR [€s. Military or com- 
mercial integrated circuits, transistors, 
diodes, any semiconductors. 
ELECTRONIC SURPLUS, INC. 5343 
Broadway, Cleveland, OH 44127. 216-441- 
S00 or fax 216-441-8503, since 1946. 
weew.electronicsurplus.com 


AF TRANSISTORS, TUBES, 
TEFLON WIRE, SILVER MICA 
CAPS. 25C2290, 28C2879, SD1446, 
MRF455, MRF454. 25C1969, 25C2166, 
2SB754, TA7222AP, 25C2086, TA7222AR, 
MRF247, MRFII7, SAV7, etc. 4CX250B, 
4CXIO00A, 4CX1SO0B, 3CX400A7/8874, 
3CK3000A7, 4CX400A, 5728. etc. Teflon 
wire specials 1,000 fe. 16 gauge .IS cents fr, 
1,000 fe. 18 gauge .14 cents ft, silver mica 
caps, resistors, see our catalog for other 
products. Westgate |-800-213-4563 


ELECTRONIC COMPONENTS, kits, 
test equipment, books, tools, and 
suppiles for hams, habbyists, and busi- 
nesses. Many hard-to-find items like variable 
@apacitors, vernier dials and drives, coil 
forms, magnet wire, toraids, more. 
www. oselectranics.com 


Yaar Of Service I) 


[soar 4 ie 
TAI 2499 29.7421.97 
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© Coder Line — (800] 824-2432 « internotional — (724] 495-1230 * Fax Orders — (724) 495-7882 

= Technical Support — (724) 495-1241 © Na Minium Orcler - (Ordlert uncer $20 subjedt fa $ 5 
charga| *UPS 3 day, Blue, Red, & Fed. Ex Shipping Available (Call for chargs:| « PA Res. Add 7% 
Soles Text “Open Man-Fri 9:00 AM - 5:00 PM TEST] * Corporate Accounts / Quantity Discounts 


Avaloble «Wa ecrept M/C, VISA, Discover 8 American Expreaa with na surchorga « Call For FREE 
Catalog 152.00 Ovtida US} 
Complete Line Of Electronic Components  Emoil - unielect @ aol.com 


«We A 
Visit us on the web | wow.unicomelectronics.com Unicorn Electronics 
1142 Stata Route 18 


FREE SHIPPING!! on pre-paid orders Aliquippa, PA 15001 


Clrele #42 on the Feader Service Card. 


MATCO WILL design, engineer, and 
develop a 2.4GHz wireless @ channel solu- 
don for your remote applications. FCC 
approved, Matco, Inc., Schaumburg, IL | -800- 
719-9605. E-Mall: nsales@mat-eo.com Web 
site Wwww.mat-co.com 


WANT TO Buy: ICs, miliary & aircraft 
relays, diodes, transistors, connectors, tanta- 
lum capacitors, electronic test equipment & 
most components. Hofty Electronic Ent. E- 
Mail: Hoffiel 165@aol.com 618-718-1165, 
FAX 618-341-5506. 


AMAZING! 35¢ Switches. Mintacure 
toggles rated 6Amp/!25V. Hardware includ- 
ed. SPDT or DPFDT. 
www,ComponentsAndMare.com 


PELTIER INFORMATION DIREC- 
TORY ONLINE: Information site on 
Peltier devices (thermoelectric 
coolerfheater/generator modules). Tips. 
manufacturers, surplus sources, etc. Free, No 
registration. WWW. pelticr-info.com 


i 
é 5 
SWITCH SUPERMARKET large vari- 


ety toggte, rotary, LEDs bipolar 2 & 3 leads, 
grain of wheat, free list. Fertik’s, 5249"°D” Sc. 


Philadelphia, PA 19120. 


MICROCONTROLLERS 


ATMEL 890%K%HRMX programmer, IBM 
parallel pore C+* source cade, schematics, 
$250 + S/H. hetp:/imembers.aal.com/ 
HayeatianComputer 


PIC & ATMEL PROGRAMMERS 
from $15.95 and $29.95! Visit www.electron 
ics123.com for complete details. Amazon 
Electronics, Inc. Toll free 1-888-549-3749. 


ee ee 
PIC PROGRAMMERS Several different 
programmer kits that you can build yourself 
all the most popular PIC and Atmel chips. 
wow. clectronickits.com 


ANTIQUE 


ELECTRONICS 


WANTED: FOR historical museum. pre- 
1980 microcomputers, magazines, and sales 
literawre. Flayd, VA 24091-0341 (540-763. 
3311 /540-382-2935) 


DEC EQUIPMENT WANTED"! We 
are buying DEC systems, boards, terminals, 
drives and peripherals. Also Scientific Micro 
Systems (SMS), CMD, Darability, Dilog, DSD, 
EMULEX, other DEC compatibles. Please 
contact us for a quote or faxfemail your 
equipment list. We buy, sell,and trade. KEY= 
WAYS, UNC. 937-847-2300 or fax 937- 
847-2350 or email buyer@keyways.com 
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Turn Your Multimedia PC into a Powerful 
Real-Time Audio Spectrum Analyzer 


Features 

© 20 kHz real-time bandwith 
= Fast 32 bil executable 

= Dua! channel analysis 
«High Resolution FFT 

* Octava Analysis 


= THD, THD+N, SNA 
maasurements 


= Signal Genoration 
« Triggering, Decimation 
* Transtar Functions, Coherence: 


+ Tima Series, Spectrum Phase, 
and 3-D Surface plots 


» Real-Time Recording and 
Post-Processing modas 

Apalications 

= Distortion Analysis 

« Frequency Response Tosting 

* Vibration Measurements 

* Acoustic Raseatch 


System Requirements 

* 486 CPU or graater 

* @ MB RAM minimum 

«Win. 95, NT, of Win. 3.1 + Win.32s 
* Mousa and Math coprocassor 


* 16 bt sound card 
24460 Mason Rd. 


r nA Poulsbo, WA 98370 


a subsidiary of Sound Technatogy, Inc. 


Piorser Hill Software 


Priced from $299 


(U.S. sales only — not for export/resale) 


DOWNLOAD FREE 30 DAY 


TRIAL! 


www.spectraplus.com 


iS 
Exaalspectra Plus 


Sales: (360) 697.3472 


Fax: (960) 697-7717 


@-mall: ploneorGiaiobyta.com 


Circta a43 on tha Reader Service Card. 


ven if this is your first 
issue of Nuts & Volts, 

1 you're bound to find 
some useful informa- 
tion about 

Microchip's PIC microproces- 
sors. These popular little RISC 
microprocessors offer excel- 
lent benefits for hobby and 
commercial applications alike. 

PICs have plenty of com- 
petition from other RISC 
chips that offer similar bene- 
fits. This article is intended to 
help you find Basic language 
software, and build low-cost 
tools for the “other” RISC 
chip — the Atmel AVR. 


Internals 


The AVR is blazing fast, execut- 
ing most instructions in one clock 
cycle. With a 4 MHz crystal, the 
AVR could execute close to four 
million instructions per second. 
Atmel offers 4 and 10 MHz ver- 
sions. Most AVR chips support 118 
instructions; many are optimized for 


tting started 
il 


Photo I. In-circuit 
serial programming 
adapters for the 8, 
20, and 40 pin AVR 
microcontrollers. 


of a oom wm we. 


use with "C” programming language. 

Most AVRs have flash program 
memory.All have EEPROM data 
memory that can be programmed 
internally or externally at program 
time. Most chips have on-board 
RAM and 32 general-purpose I/O 
cegisters. 

All AVRs are in-system pro- 
grammable. Some have on-board 
UART for serial communication, 
analog comparator, or multi- 
channel analog-to-digical convert- 
ers. The pulse-width-modulator 
function is great for motor con- 
trols, generating wave forms such 
as DTMF phone dialer. 

Atmel conveniently designed 
the 8515's pin placement to be 
compatible with the pins on the 
8051 microcontroller, making 
upgrades of ald projects a lot 
easier. With the in-circuit-pro- 
gramming adapter described here, 
one can use inexpensive 8051 
experimenter boards with the 
AVRB515.AVR pins can sink 20 
mA, so they can drive LEDs 
directly. 

One or two programmable 
timers and a watchdog timer 
round out the AVR's features. This 
is just a quick glance at the solid 
hardware of this product. The 
speed this chip offers makes it a 
lot more practical to use slower 
running languages, like BASIC, in 


applications requiring fast software. 


Software Tools 


Working with any microproces- 
sor requires software tools. These 
tools include simulators for testing 
your cade before programming the 
microcontroller. Assemblers are 
used for writing fast assembly lan- 


eA 


Photo 2. A board with a 
being upgraded to the AVR&8515. 
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by James Gare 


guage code, and software compilers 
are used with high-level languages 
such as Basic, C language. and oth- 
ers. The compiler and assembler 
may require a separate text editor 
or it may be integrated with other 
software tools. The level of integra- 
tion usually increases with cost; 
there are exceptions, though. Of 
course, more costly packages have 
advanced features to make your 
programming life easier. 

All the required software can 
be found free or at low cost on the 
web. With some easy-to-build pro- 
gramming adapters, even the very 
frugal can get started with the AVR. 


Hardware Tools 


All microcontrollers require a 
programmer of some kind. With the 
advent of In-Circuit Serial 
Programming (ISP) of micros, the 
programmer has been reduced toa 
few small parts and the right soft- 
ware. This type of programmer is all 
we need to program the AVR. There 
are several web sites listed in the 
Web Sources sidebar on this topic. 
Atmel also provides schematics and 
software. 

Of course, there are other use- 
ful, but more costly, hardware tools. 
An in-Cireuit Emulator (ICE) is 
awesome, if you can afford it. 
Alternatively, one could get an In- 
Circuic Debugger (ICD) if your 
processor supports that The AVR 
does not support ICDs. These 
options are getting less costly. They 
can be necessary tools for big proj- 
ects, but you can still get a lot done 
with Basic and an ISP. 


n 8051 microcontroller 


DesignNotes.com 


Your Dedgn Resouree on the ¥feb 


oo 


**Hot Summer Sale**\ 


Velleman’s DVM345DI_ Multi- 
Meter with RS-232, 
Temp..and PC 
Software. 
$79.00 


For complete specs, 
\ visitwww.designnates.com y) 


$ COMPARE & SAVE $ 


With the DVIVEMSDI 
Fluke Kenwood 
oud! 


723 


R232 No 
OC Range cca 
DC Accursey 3% 
Digits ‘ 
Capacitance a 
Temp. tig 
DC Current 194 
Dieda Test ves 
DataHeld tis 
‘PRICE $219 
od 
on Ss \ 
pee for Dollars \ 
Submt your favarite circuit or 
|] program. Each month the best 
'] design entry (Judged by your 
peers) wins $100 in cash 
Manthly winners are eligible for | 
the yearly $1200 Grand Prize! / 


: A 


Circle #89 on the Reader Service Cara. 


Bunches of Basic 


A decent low-cost language is 
the Baseom Basic compiler by MCS 
Electronics. Their software inte- 
frates a text editor, compiler, simu- 
lator, and programming software in 
one package. The demo version 
toes everything che full product 
toes except it's limited to compiling 
#000 bytes of program code. The 
*O-pin AT90S2313 has a 2,000-byte 
rogram memory — perfect fit. 

The built-in simulator lets you 
2st your program before writing it 
> the uP You can watch variables, 
<p through che program one line 

a time, or run to a specific line. 

Another convenient feature is 
= hardware emulator for the LCD 

play and hardware !/O ports. The 
D emulator even emulates cus- 
n-designed characters. 

When you are done with the 
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AVR ISP PROGRAMMING ADAPTER 
eee 


AVR ON ISP BOARD 


PRT 


ALL OTHER 

PINS CONNECT 
TO OUTPUT PBS 
SOCKET, 

EXCEPT V+ 

AND RESET. 


74HC4053 


14 


RIBBON 
CABLE 
HEADER 


PIN 5 


simulator, it is time to program the 
chip using one of the supported 
programmer drivers. There is inte- 
grated software for the STK200, 
STK300 programmers, Dontronics 
(DTCO6 SimmStick, and others. 

Bascom also has special com- 
mands for LCD-displays, 12C chips, 
and | WIRE chips. There is an inte- 
grated terminal emulator with 
download option. The full program 
only costs $69.00, with online 
ordering. 

I did have a problem with the 
Programmer software. It would not 
recognize the 2343 or the 2323 
correctly, therefore it would not 
program those chips.| was able ta 
work around the problem by using 
the AVR-ISP software to flash pro- 
gram the HEX code generated by 
BasComAVR. This required a few 
extra clicks of the mouse, but it 
worked fine. 

Perhaps the best thing about 
Bascom is the email list. This is an 
excellent, web-based email forum to 
ask questions and learn about 
Bascom from the other Bascom 
users on the list. Code examples, 
compiler updates, and general com- 
ments about Bascom, the AVR, and 
805! micros are “on topic” for this 
list Check the sidebar for their web 
site. 

Another free basic compiler is 
a “work in progress.” The JAVRbasic 
compiler is not fully integrated. 
However, it does have some pawer- 
ful features and produces compact 
assembly code. A number of folks 
are using this one to build some fun 
projects like interfacing a Gameboy 
camera to a PC. Check the sources 
for the web sites. 

Donrronics has yet other 
Basic's available. Check the sources 
for C compilers, both free and com- 
mercial. 


Assembly 


Free assemblers are easy to 


find. Just about every manufacturer's 
web site has downloadable assem- 
blers or links to one. The Atmel 
assembler Is a text editor and 
assembler in one integrated 
Windows environment However, 
the editor is very stripped dawn. 

There are some excellent free 
text editors like Programmers File 
Editor and the ACIDE programmers 
editor. 

Text editors for programmers 
have special features needed when 


TO 
RIBBON 
CABLE 
HEADER 


TO 
USER 


CIRCUIT 
PBS} (SOCKET) 


PBS 


writing and campiling code. Same 
features include “language aware- 
ness,” for example, if a semicolon is 
typed, the edicor would recognize 
that the rest of the line is a com- 
ment and change the color or case 
of that texc. 

A necessity is the capability co 
run DOS batch files or DOS com- 
mand line programs from the edi- 
tor. Most assemblers are available in 
DOS versions far this purpose. 
With a single keystroke one can 


Web Sources 
Here are just a few "getting started” links ... 


Aumel Corporation 


Web Ring and Email List 
AVR web ring, 81 sites 
AVR Forum — Kanda Co. 


http:/Ayww.atmel.com/atmel/products/prod23.htm 


hetp/nav.webring yahoo.com/hub?ring=avr&ist 
hepi/www.avr-forum.com/ 


Bascom Email list horpJiwww.grote.nevbascom! 
Basic Language 
BascomAVR by MCS hatp/Avww.mcselec.com/ 


JAVR Basic language 


¢ Language 

GNU C info 

AWR-GCC FAQ by Kurt Stevens 
C language 


Pro; mers 
AVR and 8052 Programmer 
Dontronics — SimmStik and more 


hetp/favr.jpk.co.nz/mailman/listinfofavr-gcc-lise/ 
hetp:/eww.bluecollarlinux.com/ 
hrtpiwww.imagecraftcom/ 


hreps//www.iguanalabs.com/205 | prog.htm 
hetp//www.dontronics.com 


Simmstick design contest $500.00 prize http://werw.simmsticecom! 


Projects and Code 
AYR ethernet project 
AVR ethesnet project 
Gameboy camera to parallel port 


hrtpY/avejpk.co.nz/eavr/eaveheral 
hup:/iquorice.sourceforge.nevhardware/ 


hirp:ffhomepages. paradise. net.nz/—vkemp/gbcam.homn 


Gameboy camera interfacing for robotics 


hetps//members home.net/daniel.herrington/gbcam.huml 


AVR analog and motor ideas 


AVR File Archive 


hetp:/hwww3 igalaxy.net/~jackwanalog- hem#pwm 


hutp://members.cripod.convStelios_Cellar/AVR/AVR_File_Archieve.html 


Schematic for Dongle and Adaptor 
Dongle schematic 


Link Pages 


heep://bray.velenje.odavriispfisp.hem! 


AVR embedded resources — HUGE! hretp://vwww.ipass.net/—hammill/newayrehtm 


MCS Electronics links 
Photos, Details of the ISP in Article 


hetpd/Awww.meselec comilinks.hom 


httpd/NorthlightSyscems.home.arcnev/AVRisp.htm 


PC. It comes with an 
AT90S85 15, 40-pin 
microcontroller, and a 2 
CD with the complete 
Atmel web site on it It 
wauld be hard to build 
this board for the cost 
and it is very convenient. 
Bascom even comes 
with example programs 
for the STK200 — malk 
about instant gratifica- 
tion. 

One modificatian | 
did right away was to 
desolder the crystal 
from the board. Then | 
carefully cuc a couple of 
pins from a machine pin 
IC socket and saldered 
them where the crystal 
was; makes a great sock- 
et for easy erystal 
changes. 

The STK200 has 
great web support 
Kanda Company offers 
excellent web support 
for the STK kits and 
even sells them online. 
The AVR forum at the 
Kanda web site is a 
great place co starc 
There is also the AVR 
web ring, this can keep 
you reading for weeks. 
The varlety of projects 
and source code is fan- 


compile, downlaad to programmer, 
and return to the editor. 


BASAVR Dimmer/ Motor 
Speed Control 


The BASAVR example code 
listing is for a two-output light dim- 
mer/motor control. The main loop 
runs fairly quick. The interrupt uses 
about 1/3 of the total processor 
time, leaving enough time for the 
main loop to accomplish some 
moderate tasks without bogging 
down too much. The example exe- 
¢utes a crossfade forever. 

This code demonstrates Basic's 
ability to use interrupts and inline 
assembly language. The listing is well 
commented, so I'll let you figure it 
ouc. (I hope you read the Nov. and 
Dec, 2000 issues of Nuts and Volts.) 

With a few changes in the main 
loap, che example software could 
be used as an AC motor speed con- 
troller. 


Starting Out 


One easy way to get started 
with the Atmel AVR is with the 
STK200 Starter kie fram Atmel. This 
kit is only $49.00 from Digi-Key and 
is available on the web, check the 
sources. The latest version is the 
STK500 for $79.00. 

The STK200 board has eight 
LEDs, eight push-button switches, 


an LCD connector with contrast tastic. 
control pot, variable analog voltage 
reference, and sackets for most of Make an ISP 


the AVR family from eight-pin to 40- 
pin chips. Ie also has a DB | 5 con- 
nector for serial port hook-up to a 


The STK200 dongle 
will flash program the 


| ‘Dimmer.bas —This would also work as a mator speed control with a properly 

| Set-up triac. 

| "This example works fine. but is only useful as a simpte light dimmer or motor 
‘control. 

‘It is an example of inline assembly mixed with Basic. 

‘Also demonstrates Basic's ability to handle interrupts. 

| The timer interrupt 

| ‘uses about 1/3 the total processor time. 
‘An external circuit creates a pulse every zero crossing of the AC line. This triggers 

‘the interrupt ISR, "Zero_cross.” 

‘Timer 0 is used to generate the “dim levels." Timer 0 will roll over 

‘128 times every half cycle of the AC line. This generates 176 levels 

‘of brightness. 


$regfile = "c:\bascavr\85 { Sdef.dat" 


“warking” dimmer level 


Dim Chan! As Byte 
| Dim Chan? As Byte 
Dim Levell As Byte 
Dim Level? As Byze 
| DimTt As Word 


‘commanded dimmer level 


‘use far time delay 


Config Porth = Output 4 
Config IntO = Falling ‘detect falling edge af trig pulse 
On IntO Zero_cross ‘Initialize the INTO Interrupt 
Rem Use Nosave Option when you dont want the internal registers 
saved/restored 

‘Configure the timer to use the clock divided by 1.8, 16 64 

Config TimerO = Timer , Prescale = 1'Set up Timerd 

On Timer0 TimO_isr ‘Define the ISR handler 


Enable Timer0 ‘Start Timer 

Enable IncO ‘Enable External interrupts 
| Enable Interrupts ‘Global Interrupt enable 

Porth = 0 ‘turn off all triacs 


[=r Main loop does crossfade forever **" 
Main: main program foop 


Up: 
| Level2 = 129 
| For Levell = 1 To 128 
| Decr Level? 


‘make sure level correct 
‘increase level | notch each laap 
“decrease other channel 


CUT PINS 
678 — 


FIGURE 


Ccoccscaocoa 
gocccclsccascccoccaaa 


PC BOARD LAYOUT FOR 8,20 AND 40 PIN AVR'S 


6 Ribbon Cable from —— 


8 


Oeoceccccodlocadlococaole 


st 
Waitms 4 ‘wait here 4 millisecands % ' 
for t= 1 to 190 
“next | 
Next we 
Down: ad 
Level] = 129 ‘make sure level correct é 
For Level2 = { To 128 ‘increase level 1 notch each loop 4 | 
Deer Levell ‘decrease ather channel Hl 
Waits 4 “wait here 4 milliseconds qd 
Next 7" 
Goro Main ‘laop forever 1 


neiskeide>rt Timer 0 interrupt service routine 
OIF OIIER the following code is executed when the timer rolls over 
imO_isr: 


icbi PORTB.S “scape trig 


Decr Chani ‘count down level 
if Chand > | Then Goto C2 yg 
Reset Partb.0 ‘if Chant > | Then Goto C2'Porth. bit 0 = high 
C2: | 
Decr Chan2 ‘count down level, set pin when equal 
{prne Dim_done ‘If Chanl > | Then Goto dimdone 
{cbi porth,2 ‘Parth = Parth & 2 
Dim_done: 
TentO = $068 “$062 = 128 levels ‘prescale timer 
!sbi PORTB.S ‘scape trig 
Return ‘return fram incerrupe 
‘Hherkectkkkt Exeernal interrupt - Zero Cross === & 
‘This cade is executed when the external zero cross circuit triggers an ir 
Zero_cross: 
Chanl = Levell ‘resec current dim level 


Chan? = Level2 -% 


Parth = 255 ‘turn off all triacs 
Rewm 
NBER STII ERE re eisemniek perth pkinaoiymicinocty 


End 
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= This ezamplu works fine but as not real practicle, It 15 8 good 
- with Basic, and dexonstrates Sasic's ability to handlo auterrupts. : 


Dim Chan] As Byto 
Dim Chan? As Byta 
Dim Chan3 As Byta 
Dim Chand As Byto 
Dim Lavell As Byte 
Dim Laval2 As Byta 
Dim Leval3 As Byto 
Dim Lavel4 As Byte 
Dim Dalayl As Byte 


onple of thline ascenbly rr 


Gompitar | Cogymunicesion | Environment] Simulator | Programmer] Manito | Printar | 


chip | Oupu | Communication] 2c, SPLIWIRE LCD | 


Lop ype [16712 s] Enable [PORTE? =] 


On IntQ Zero_cross Nosave 


Een Use Tho Hoasve Ontios 


Canfig Timor ~ Timar . 
On TimerO TinO_isr Nosava 
Enablo Timer 

Enable int0 

Enabla Ieterrupts 


Main: 


tener Lavell 
Delayl = 40 
Deer Dalayl 
For Relay2 - 1 To 200 
Next 
Loop Until Dalayl - O 
Gata Main 


“Docr Chan2 
‘brao ¢3 
isba porth.1 


AVR through the PC printer port, 
which is very convenient The catch 
is the target board has to accom- 
modate the programming header 
from the dongle and the require- 


ments of the programming pins dur- 


ing programming. This is true for 
the STK200, as well. The simplest 
way to do this is with a couple of 
resistors and a programming head- 
er. 
However, this doesn't work in 
all cases. The manual gives circuit 
examples of a universal methad. 
This is accomplished with the use 
of a 74HC4053 multiplexer chip ta 
isalate the micro during program- 
ming. The multiplexer chip connects 
the micro's programming pins to 
the printer port dangle during pro- 
gramming, chen switches to the 
external circuit during normal oper- 
ation (see Figure 1). 
Rather than include the 4053 
and header on each target board, | 
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when You Tent Want The 


‘Conftguta the tater to use the clock divided by 
Prascale « @ 


if Lavell - 255 Then Levell - 1 


Tizer 0 interrapt zervice routine 
the following code 1s executed then the tiror ralls over 


Lcdraddrane [008 OBS 
AS-addreae feoco DB4 


Dim Dalay2 As Byte aliseme Des mode ag |PORTB2 
Config Porth ~ Gutpat & Abit © pia os7 =([PoATa? +] 
Config Porta - Output C Bhi © bus | 


peg |PORTHE + 
PORTE S 
PORTE4 wv 


P Make upper bite | in LCO cesignar 


‘check for max 


Rl, start over if rox 
“"cot up tame deley ontor loop 


lowel, 


‘count down outer loop 
‘delay 200 counts({annovr loop 


‘just what at says 


‘loop foraver 


‘count down level | 
“I€ Chant > 1 Then Goto C2 
Porth. bit O = high 


‘count don love} | 
“IE Chenl > 1 Then’ Goto C3 


decided to put the programming 
header, microprocessor, and 
74HC4053 multiplexer chip on a 
small board of their own (Photo 1). 
This adapter board plugs into the 
microcontrollers socket on the tar- 
get board.With this set-up, it is pos- 
sible to do in-circuit programming 
on any target board. When the code 
is finalized, just pull the processor 
chip off che adapter and plug inta 
the carget board. 

Making the adapter should be 
done on a printed circuit board. | 
used presensitized PC boards. The 
negatives were printed on clear film 
with a laser printer. The single-sided 
boards for the eight- and 20-pin 
AVRs are easy to build. 

After installing the sockets and 
jumpers. the DIP header needs to 
be mounted to the bottom of the 
board. The DIP header or machine 
pin socket is mounted perpendicu- 
lar to che circuit board. | attached 
the sockets to the board with 
tinned, solid hook-up wire. A little 

epoxy or silicone will lock it all 
together. it sounds more difficult 
than it is. 
The 40-pin adapter requires a 
40-pin wire-wrap socket and a 40- 


"Porth = Forth & 


pin DIP header ta create the dau- 
ble-decker ISP adapter. The single- 
sided board is the mounting plat- 
form for che 4053, programming 
header, and jumpers. The wire-wrap 
socket pins pass through the PC 
board holes, and then are soldered 
from below.The short ends of the 
wire-wrap pins that poke through 
the board will be used to solder the 
40-pin DIP header to the adapter. 
Pin 9 of the wire-wrap socket 
should be cut just belaw the PC 
board. It should not be soldered to 
the header pin. 

Pins 6, 7, and 8 of the wire- 
wrap socket have to be cut above 
the circuit board. Jumpers are sol- 
dered from the cut pins to the PC 
board as noted in the parts plac- 
ment diagram in Figure 2. 

Always use two sockets on the 
bottom of the adapter to protect 
the adapter pins from damage. 

Note that the target circuit 
must supply a crystal or clock signal 
to the adapter during programming. 
Power is supplied by the target cir- 
cuic The reset pin is controlled by 
the adapter. 

Using the ISP adaprer/dongle 
with BascomAVR is a breeze. just 


setup for the LCD 


Screen shot of 
the BASCOM 


select the STK200 option under 
“Programmers.” Write your cade, 
then click the compile button. Once 
compiled, the software will "auto- 
program” the micro.Any code 
changes will be immediately execut- 
ed. This is great if you like “crash 
and burn" software writing. The 
adapter works well with the AVR- 
ISP sottware also if you use other 
software. 


Other Options 


| must mention the ever-popular 
SIMM Stik's sold by Dontranics and 
others on the web, Dontronie’s web 
site is crammed full of development 
boards and programmers for the 
AVR and PIC micros. It is also a good 
source for several Basic and C com- 
pilers. They have online ordering. 

If you wane to make your own 
dongle, this is not so tough. There 
are several sites that have schemat- 
ics for dongles. 

If you want to try your hand at 
microcontroller programming, this is 
a powerful and easy micro to start 
with. The abundance of low-cost 
tools makes the AVR a good choice 
for home project builders. NV 
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In 1995, Scott Edwards began authoring a applications, tips and hard 

column on BASIC Stamp projects in Nuts & with the BASIC Stamp that r 

Volts Magazine. The column quickly became issues. Every project from t 

a favorite of Nuts & Volts readers and was trainers and measuring wa 

eventually turned over to Scott's handpicked uted factory contro! has be 

replacement, Jon Williams. Lon Glazner took BASIC Stamp programmin 

over the duties for about a year. Then Jon throughout. 

came back on the scene and Is continuing 

to write to date. Between these three talent- The Nuts and Volts of B. 
_ ed individuals, there's a tremendous set of lection of these colurr 
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Vesta Technology, Inc. 
“Controls Power 


SBC2000 
pw Cost Gontrollers 


Bbit, 16 bit. coniiers 


Multiple inter oe | 


Wal fer Sleep Mode. 
\ Olgita) VO, and AD 
Sragram in 4 of Assembler, 
cor with Vesta'a fast and easy 
embedded Basic language with 

ful! Jeatured development enviranmet 


‘11455 W. 4th SL N., Wiead Aldge, CO &0033 
www.vestatech.com 
Phone (03) 422-8088 - Fax (303) 422- so 


| 
Frogatining and controlling your robot is as easy 
as programming and using your PC. Make your 
robot a PC en wheels (or legs). Use Basic, Java, C, 
C++, or any programming language you choose. 
Inception Systems makes it casy with: 

Embedded PC’s 

Servo & Motor Controllers 

Power Supplies and Converters 

High Powered Batteries 

Robots & Chassises 

Seusors and more! 


http://www.inceptionsystems.com 


lan Inception Embedded 
gl 


(~<>] syitens PHS 
XL Incomporaied 


®No tooling charge! 
Lot charges start af $80 
= *Simple order process 


® Quickturn, oe = vegies 


www.pcbpro.com 
Quick price comparisons 


INSTANT 


®More options & added features 


®Prototype & production quantities 


10.3101 


eceooeoovcocresesssse=se=ya_-  — 


EM FORMULARY 


\ 500+ formulas, conversions, and 
tables. Electronics, science, math. 
Practical. educational, and easy to 


“y_| use. Internet Special $19.95 + 
' tax/ship. Now with PSpice exam- 


2) ples. Order ontine, more info and 
sample screen at our web site. 


ELECTRO SCIENCE) 
(310) 54018 


+ Converters 
+ Repeaters 
ASC24T > Fiber Optics 
* Digital YO 
$45 = Multidrap RS232 
« Custom Units 
* peoule TX Enable 


¢ Interince Product Li ine | 


xtension Cords” Call the RS485 
Up to 115.2 Kbps, 4000 ft. ++ 


| 
Large Multidrop Networks. | Wizards at 
Isolated Units, Smart Units i (513) 874-4796 


Remote Relay “Extension Cords” 


RES= Resmith 


Www rss 85icGnr 


We carry all models 


ON-LINE QUOTES! | 
{NO SIGN-UP REQUIRED) 


10pec. 50pc. 100pc. 
$3.75 $3.50 $3.25 
300pc. 500pe. ikpe. 
$3.00 $2.75 $2.50 
Rebelion-3 125ch. Converter 
12pe. _ 50pc. __100pc._ 
$50.00 $48.00 $46.00 


Programming & 
Customizing The 
Basic Stamp 
Computer 
Pad Edition 
200 illus., 3341p. 
by Scott Edwards 
1 If you want to 
\ fake advantage of 
* the popular PIC 
Microcontroller 
for your electronics projects, 
but are intimidated by the programming 
involved, your worries are over. Programming 
and Customizing the Basic Stamp, Second 
Edition gives you a comprehensive tulorial on 
the easy-to-use BASIC Stamp single-board com- 
puter, which runs a PIC Microcontroller, and 
doesn't require you lo do any assembly lan- 
guage programming. 

This new edition maves you hriskly from 
electronic foundations thraugh BASIC Stamp 
“Boot Camps" and an intelligent traffic signal 
simulation to build a rohatic bug with whisker 
sensors, a time/temperalure display, and a data 
logging thermometer. 

‘ Written by Scott Edwards, the original 
author of the widely read "Stamp Applications” 
column for Nuts & Volts magazine, this casy-to- 
follow reference includes a CD that gives you all 
the IBA. compatible software tools necessary to 

| begin developing Stamp applications. 


Order from the 
alts Bookstore 

1 800 783-4628 

ww! NuULsvolts.com 


Nuts 


HVW TECHNOLOGIES 


HIGH-TECH SOLUTIONS 10 HIGH-TECH PROBLEMS 


BASIC Stamp™ Prototyping Made Easy... 


Stamp Stacks™mount directly en any breadboard to mane 
pectotyping easy. Complete Just assemble, connect power 
anda serial cable. 100% BASIC Stamp™ compatible. 
Robust, Repairable, Inexpensive. 

Starter kits available, 


ae Pk Comptiec:/Progtammer/Pratecaards-Sertal LCDA (A Ranging Sensor 
* HVWiTechnologtes inc. 


Telly (409}730:8003 
Fax; (403}730 8907 


VISAIMC Accepted 
were HVWech com 


PRINTED CIRCUIT BOARDS 


10 pes (3 days) 


QUALITY PRODUCT 


FAST DELIVERY | or 2 layers $249 
COMPETITIVE PRICING 10 pes (5 days) 
4 layers $695 


* UL approved 
* Single & Double sided 
* Multilayers to 8 layer 

* SMOBC, LPI mask 

* Reverse Engineering 

* Through hole or SMT 
* Nickel & Gold Plating 
coring 


(up to 10 1q.1n. e2.) includes rool- 
ing. artwork, LP! mask & legend 


on 
Toad 


PULSAR, INC 


9901 W. Pacific Ave. 
Franklin Park, IL 60131 
Phone 847.233.0012 
Fax “8.417.233.0013 
Modem — 847.233.00b4 


* Anwark of CAD data 
* Fast quotes 


We will beat any 
competitor's prices! 


youl@flash.ncet + flash.net/-yogil 


Press-n-Peel 


Tramsfer Film 


Pé Boards in Minutes 
8.5" x 1" Shes. 1. LaserPrint* 


*Or Photocopy 2. Press On** 
“Use standard 3. Peel Off 
houschold Iron 4.Etch 


Includes Windows Suftwars 
Text & Graphics 

Super Bright Mutt Calor 
Clock Functiona & Scheduler 
Real Time {ASCII Mu 

IGK Flash Memury 
RS 232 & RS-185 


303 Sherman Ave., Ackley, Iowa 50601 
(641) 847-3902 Fax: (641) 847-3889 
sales@ledvision.com 

www.ledvision.com 


MATCO, INC §f 


EverSecure 
FATAL oat: (core meore] ag] 


«Manufacturer of OEM Security Products 
eMonitors, Camera-Mounts, Cables 
eLaw Enforcement Equipment 
eDiscreet Wireless Systems 

{$89-$269) 


Sales: (847) 303-9700 
Toll Free: (800) 719-9605 


\Qrear 
Use Standard Copper Clad Board 

20 Shts. $30/ 40 Shts. $50 / 100 Shes. $100 

Vis MC/PO/CKIMO $4 SBH/Foreign Add $7 


Techniks Inc. 
P.O. Box 463, Ringoes Nj 08551 


ph. 908,789.8249 fax 908.788.8837 
Visit Our E-Store On-Line! 


ral Pores 


www.techniks.com 


Canada: (877)720-922: 
Fax: (847)303-0660 


. Producible designs since 1970 
=! ty 

ed Embedded Microprocessors 

PCB Layout & Packaging Design 
Analog Including RF to 1 GHz 
Instrumentation 

A/D and DJA 


Simple to Use 


Run From Any Version 
of Windows® 


www.flashcutenc.com 


Automated Machine Tools to Produce 
+ Panels + Chassis/Housings 
+ PCB Prototypes « Any 3D Part 


High-Speed Fuji Surface Mount 
Through Hole 

Turn-Key or Kit 

Sup Sizes one through thousands 
Test and burn-in available 


A‘ FIT ™ 
\FLASHCUT/CNC) : Bisesn 
1263 El Camino Real, Menlo Park, CA 94025 ‘ aytieyins7 6 
4949 St. Elmo Avenue, Bethesda, MD 20814 st 5~S FI“ SS $ 


Tel 888-883-5274 Fax 650-8, 


53-1405 


~ ActiveWire® USB 
Simpte USB Interface! 


pee ge 
© 3052 Spectrum 


Plus microwave, vacuum 
pumps, lab, robots, and 
many other items!!! 

_ Always Buying & Selling, 

: Send list!! 
wwiv.wWestshoretech.com 


+ Works with MacOS 8/9, Win8/2K/ME 
FreeBSD and Linu 

+ 24Kthr CPU com with USA 

« Firmware downloadable via USB 

+ 16 bt parntel InpuvOutout 

+ See web-site for add-on boorda 

«All drivers, manuals, damos ora on our 
web-ails for immedlata download! 


ActiveWire, Inc. 
=I www.activewireinc.com 
_|ph +1.650.493.8700 x203 fax +1.650.493.2200 
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$59 


plus shipping 


Serjal and Ethemet Stepper & Servo Controllers 
Keyboard Wedges Animatronics Controllers 
Ethernet to Serial interfaces and Robots 
The Mercury Group - Loveland Colorado 
970-278-1009 


www.CHAPP.com 


Special products and sotuices 
fot the eflectionies enthusiast 
eo mparemeages 0. © SXSKOIeN® 


ee = = . x _— . z 
pe es i : a.) P < 
| CABLE i 
PCB EXPRESS, INC. Pe CONVERTS | 
’ i ey TV86/3 86/CH TV86/3V/A | 
PROTOTYPE TO PRODUCTION : i /3V/. 
|| s/sIDED: 5-days, 10 Pes. $275.00 ‘Benton mPa |_| TRIVISION 550/38 $37.95 | 
~} D/SIDED: 5-days, 5 Pcs. : 869 EEToo! Tomax | |VIEWMASTER 260) ~ 
| D/SIDED: gan 10 Pes, $350.00 ‘| ee ae ae 0 ' 
A-LAYERS: 5-days, 5 Pes. $750.00 169 Xehck SuperPra Fm ; 25 CHANNEL UNITS te 
4-LAYERS: 7-days, 10 Prs. Sehr 419 Nescham EN-20 ie TRI 860/38 10 LOT $49.95 | 
6-LAYERS: 5-days, 5 Pcs. . ya ogpmax 
6-LAYERS: see 10 Pcs. $1,175.00 agrestis am : : TRI860/3V/A 10LOT $59.95 ' 
279 Xeliek Rommaster 11 MOLD : V/MASTER 3800/3V/A 


"SERVICES’ — UL Approved 
SMOBC, LP1 mask & Legend - Phataplotting, 


209 Noediam EMP-10 

Gang Programmers 4 TD & Sockets 
CALL Advantech Labtool-44 8XGang 
1085 EETool TopMax W/8xGang 


FOSS WAREHOUSE DIS. 
289 SCHENCK ST. N. 
Electrical Testing * Thru hole/SMT, Gold/Nickel 800-473-0506 » 800-488-0525 FAX 
Plating - Routing and Scored Panel, Instant Quotes 689 Needham SA-20 8XGang = 
529 EEToal Megahtan4G 4XGang. LARTDOL B48 716-694-6400 716-693-4322 FAK 
PH: (988) 427-2920, Fax (847) 427-1949 General Device Instruments E/M FOSS@BUFFNET.NET 
E-Mail: cir1920@aol.com Sales 916-393-1655 Fax 916-392-4949 x WEB PAGE: WWW.FOSSW,COM 
LOWEST COST & FAST DELIVERY Order Only Toll Free 800-760-3820 NO DESCRAMBLERS ONLY CABLE CONVERTS 


@ Star Consotting. int. CodeDesigner oa ei . 
7% __8900 Viscount, Suite 235 Sng Advanced PIC Micra IDE for Windows . 2 Maske iy 
4 Now It' bi i ite BASIC fe 
Gen Reson s2025 | Microchip's PICmictos, CodeDesigner's advanced IDE. 


5-4740334 : lets you compile your BASIC source code and program 
= SS your PIC micra in one easy step! 


— 


weg 


. " ww wpe 
CSMicro | Le een oa 
svn d Circuit B 
SPECIAL PROJECTs HARDWARE 


Systems fepeke Saar 


‘Unique-OriginalrMade-to-Order-Special Needs VISA _ + Single, Double & Multi-Layer 

ElactronicsComputerPhone-EnergySecunity-Data - poster Gard Automated Assembly 
CareAF-EU-Audlo-fadianica-“Psychie"-Plans: mare! Express « SMT & Thn-Hole : 
TECHNICAL “LIFE COACHING" + Discover + Prototypes Thru Production 


« Product Engineoring 


j Te a3 
The Answer Team for Many Tech Problems + Final Assembly & Test 


[Tech Decisions «How 10 do Stufl«Hartancfind infasStutt | do] CodeDesigner w/ Basic Micro Pra Compiler $199.95 


w Vi |) | CedeDesigner Basic Stamp Edition $59.95 403 Sherman Ave., Ackley, fowa 50601 
EBSITE DESIGN SERVICES &“ 1-888-820-9570 or 775-887-0505 ie (641) 847-2902 Fax: (641) 847-3889 


‘eCommerce/Personal « English/Spanish http://www.codedesigner.com : sales@pcboardsinc.com 


C 


SODEL 40-~$405 
MUVEL 40—{5 109 
~ | = AS-252 Intertace 

* 28 lines digital /O 
* S + Bight analog inputs 
5 FOR GEL-CELL or LEAD ACID BATTERIES ape)" EIR Bau: 
Features: Precision lemperature tracking vollage telerence & three =| > Tne aoe Ons ie & 

mode charging sequence. Standard kit is for 12¥ @ 1/2 of 1 Amp, 7 
Ty user selectable. Can be connected to the batiery indefinitely, will not 


Charger 


MODEL 40 
Bnearacr cen Le 


MODEL 100-$ 


“7 | overchange. Weighs 2 pounds and measures 4°WiS-1/2"Dx2-1/27H. | - ri » 12-bit 100KHz A/D Ke 

ished apt i Ire nchuded in kit. i +» Four analag outputs 

e Rapa a el ey q rf « Thrae timer counters ; 
A Residents « 24 digital ¥O 


~~ Foreign orders add 21 


i, 
HS ALA Engineering 


—* — 

PRAIRIE DIGITAL, INC. 
2521 W. La Palms 4K - Anaheim, CA 92801 920 SEVENTEENTH ST., INDUSTRIAL PARK 
(714) 952-2114 + FAX: (714) 952-3280 PRAIRIE DU SAC, WI 53578 . 

ww. dengincering.com . TEL: (608) 643-8599 - FAX: (608) 643-6754 4 


<—iti pr y..- 


: 
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Build Your Own 
Model Train 
Voice 
Recognition 
Control System 


ALL ABOARD ... brings back 
memories of an old-time conductor 
looking at his pocket watch to let 
the engineer know it was time to 
start the train. Even if you've never 
been on a rea/ train, images from 
classic TV movies should bring 
about memories of a time gone by 
when both people and freight trav- 
eled across the country by railway. 
Because it's part of our heritage, 
hobbyists have found model rail- 
roading to be an interesting way to 
spend their time. 


Over the years, these model train enthusiasts 
have scught to add all the realism they could to 
their scaled-down layouts to duplicate conditions 
in the real world. They have even been able to 
duplicate the slow starting and stopping charac- 
teristics of a real train using electronic circuitry to 
mimic these functions. This has developed to the 
Point of having separate decoders inside the loco- 
motives which can contral several trains on the 
same track by sending computerized signals over 
the tracks to each train. 

Until recently, however, the only thing miss- 
ing was the ability to control these functions by 
voice command. 

Using a VD364 module from Sensory — for 
whom | am a consultant/developer/distributor — 
the system gives you complete contro! using three 
separate voices to control faster, slower, complete 
stop, momentum start, and momentum stop 
functions as Commands 1-5. Not only that, but 
it's trained to respond to your voice alone ... and 
in any language to boat! And since you've already 
got a power supply, you can build this for around 
$100.00. If this sounds interesting ... then let's 


get started. 
Sensory to the rescue 


A hi-tech company located 
in the heart of Silicon Valley in 
California, Sensory recently 
came out with the VoiceDirect 
364 module. They had earlier 
versions, but it always required 
some interaction to get it to 
recognize wards or phrases. 
They finally leaped that hurdle 
and came up with a module 
that would respond to an entry 
or ‘gateway’ word or phrase. 
This is follawed by a command 
word or phrase, which can be 
several seconds lang. In other 
words, it is strictly voice con- 
| trolled! By slightly changing the 
wiring of the unit, you can 
either use one gateway word 
with 15 commands or three 
gateway words with five cam- 
mands apiece. 

Since | couldn't imagine 15 
different things you would 
want to do with a model train 
controller, | settled for five com- 
manly-used commands which 
allow three separate voices to 
use those functions. The com- 
mands are completely interac- 
tive and can be followed in any 
arder to achieve that function. 
In other words, you can go 
from complete stop, to faster 
three-four times, momentum 
start to full speed, to slower 


several times, to complete stop 
| Of mamentum stop. It's easy to 


by Dennis Shepard 


+ 


re a 


Prototype on Perfboard/VD module removed 


Prototype on PCB/VD 
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see how exciting and how much fun this could 
bel 


Details of the interface 


One of the drawbacks about the voice recog- 
nition madule is that the outputs are temporary, 
in that they only stay on for one second. The first 
eight outputs come on by themselves, but out- 
puts 9-15 are a combination of output 8 plus out- 
puts 1-7. Qut of the box, you could wire the out- 
puts through switching transistors and operate 
switchyards or the like, but you can only use the 
first eight outputs without some type of decod- 


ing. Although this limits the possibilities some 
what, both of these situations can be effectively 


Completed unit/ 


rear view 


Prototype 
| _assembled/ 
VD module 
removed 


dealt with. Now here's where it gets a bit 
technical. 

Using a microcontroller chip (Microchip 
Technology PIC 16C54) to read the eight 
outputs, the PIC generates a PWM (Pulse 
Width Modulated) output to the HEXFET 
transistor (International Rectifier IRLZ 14). 

— These transistors conduct completely at ~ 5 
VDC on the gate terminal with an ‘on' resistance 
of 0.2 ohms. The output of the power transistor 
is wired in series with the power supply and the 
train, and provides a very sophisticated control 
system with a minimum of parts. Using your train 
power supply, you ¢an set your maximum speed 
and change it anytime you want. 


Construction details 


The prototype was built on 2-3/4" x 3-3/4" 
grid-style PC board from RadioShack (RS #276- 
158). They also sell 30 gauge insulated wire 
which | soldered between the components for 
hook-up. Although a printed circuit board (PCB) 
can be designed for the unit, it isn't necessary 

because of the simple circuitry. However, 
we've designed a PCB and built one of 
those for the finished product, as well. 
To save space, the voice recognition 
module is piggybacked an the perfboard, 
The module comes with standard 0.1" 
headers to accept 0.1" posts which are 
soldered to the PC board. The micro- 
phone, LED, speaker, switches, and tran- 
sistor are mounted on the enclosure. 
Since the transistor will be generating 
some heat, it is most important it be 
mounted with heatsinks to a metal 
enclosure to dissipate that heat. 
However, you can use the transis- 
tor's operating characteristics to your 
advantage. This means that if you are 
traveling along at a constant speed and 
you hit an increased grade (you're going 
uphill), the increased current will cause 
the transistor's resistance to increase 
slightly and deliver less torque to the 
engine. This easily simulates the way a 
real frain reacts on an increased grade. 


And, after all, we're after 
as much realism as we 
can get! 


Setting it all up 


Now we get to the 
fun part. As | mentioned 
earlier, the VoiceDirect 
module is the heart of 
the system. Besides the 
eight outputs mentioned 
previously, the module 
has a microphone input, 
a Speaker output, some 
programming switches, 
and an LED indicator. 
The system uses three 
separate push-button 
switches to perform the 
programming, set-up, 
and erasing of the 
speech template. Here's 
how it goes in detail: 

On power-up, the 
VoiceDirect module does 
internal diagnostics and 

will beep the speaker once when this is complete. 
The LED will be off if the unit hasn't been pro- 
grammed yet or has been erased. The unit is 
erased by halding the RECOGNIZE and TRAIN but- 
tons together for one second. The madule will 
respond with "memory erased.” 

Now we're ready for the actual training ses- 
sion. 

Since the unit has been wired for multi-word 
continuous listening made, pressing the CL TRAIN 
button will prompt you to "say word 1.” This is 
the gateway word for person 1 and can be spo- 
ken as "person 1, Bob's train, voice control® ar 
what have you. The unit will ask you to "repeat" 
each word or phrase. If the word or phrase 

matches, the unit will respond with "accepted. 

Now you press the TRAIN button to pragram 
the five commands for each track. After each 
command is accepted, you press the TRAIN but- 
ton again for the next word. You have to pro- 
gram all five words before proceeding to the next 
track. Then you simply repeat the process all over 
again until all three voices are programmed. The 
unit will talk you through it with prompts such as 
"please talk louder® or “similar to a prior word.” 
Just follow the friendly instructions and you'll be 
set up in no time! 


Once the wards have all been trained, it's 
| time to put the unit into operation Press the REC- 


Table 1 
sw4 SW3) SW2 SW1 Speed Change 
Step 

0 a 0) 1 1 

a Li) 1 a 2 

0 ie} i! 1 3 

0 1 0 0 4 

0 1 0 1 S 

oO 1 1 it] 6 

0 t 1 1 v 

1 i?) Q 0 8 

1 a 0 4| 8) 

1 0 1 0 10 

1 0 1 1 11 

1 1 0 0 12 

1 1 0 1 13 

1 1 1 0 14 

1 1 1 ] 15 


Sensory has a website @ http://www.sensaryinc, 
com. You'll find complete instructians and details of the 
madule along with ather interesting information. Be 
sure and felt “em we sent ya.’ A VoiceDirect 364 module 
is available for $50.00 plus $5.00 S & H. The prepro- 
gfammed FIC, ceramic resonator, voltage regulater, one 
each. IRLZ 14 HEXTET transistors are ayailable for 
$20.00. If both are ordered together, the shipping and 
handling charge is waived. California residents please 
add state sales lax. We accept money arders (pre- 
ferred), cash, of Western Union if you're in a hurry! 
Please make payment payable to: 


Dennis Shepard 
8315-D Laborough Drive 
Bakersfield, CA 93314 


All orders are shipped insured with a signature 
required lo guarantee you get what you paid far! 

Many more interesting products are alo available 
at our website htp://home.att_ne{/—dennis. shepard. 
We also custam design other products which are sald 
worldwide. We are also available for custom engineer- 
ing for your own ideas. We look forward to being of 
service to you. 


Voice Recognition Train Contral System 
Parts List 


qa 0.1 uF, 50 WVDC monolithic capacitor 
RadioShack 4272-109 or equal 
*CR1 4.00 MHz Ceramic Resonator Digi-Key #PX400- 


ND aor equal 
*IC1_— Microchip Technology PIC 16C54-XT/P micracon- 
troller DigtKey PIC #16C54-XT/P-ND (requires 


Soe 


e>Gnd 


JP-4 350 onm ia LED 


7 
Gnd 
Continuous Listening Train 


Gnd 


programming) 
JP-x See below 
KEDI = 11-3/4 Green LED RadioShack #276 022 or 


equal 

LED2 tae Green LED RadioShack #276-022 or 
equal 

MIC1 Omnidirectional Electret microphone element 
RadioShack 4270-092 ar equal 

PS! Power supply 9-24 VDC 100 mA output 
RadioShack #273-1767 of equal 

R1R2 330 ohm, 1/4W, 5% carbon resistor RadioShack 
4271-1315 or equal 

RF 47K ohm, 1/4W, 5% carbon resistor RadioShack 
#271-1342 or equal 

R4-R7 10K ohm, 1/4W, 5% carbon resistor RadioShack 
#271-1335 or equal 

$1-54 SPST momentary contact pushbutton switch 
RadioShack #275-1547 ar equal 

*T1 international Rectifier HEXFET transistor Digi-Key 
HIRL214-ND or equal 

*VR1 78L05 5 VDC 100 mA voltage regulator Digi-Key 
478LOSACZ-ND ar equal 

“Voice Recognition module VD364 Voice Recagnilion 
module Sensory #VDI64 


Misc. Small enclosure w/8- ohm speaker, 0.1” male 
headers, hook-up wire, etc. 


*The following items are available directly from 
Shepard Engineering Cancepts. A kit of programmed 
1C1, CRI, 71, and VR1 are available for $25.00 ppd, A 
kit including these items and the voice recognition mad- 
ule are available far $75.00 ppd. These prices are for 
the continental US only. Please make payment to: 
Dennis Shepard. 


Voice Recognition Model Train Control System 


Copyright (c) 2001-Dennis Shepard/Shepard Engineering Concepts 


RTCC 
MCLR 
GND 
RBO 
RB1 
RB2 
RBS 


AT! 


LU 


oo 


_ 


\ 


Booonp000000 


MoecD00DP00000000 


OGNIZE button and the LED will come on. The 
system is now in continuous listening mode. As 
soon as it recognizes one of the three gateway 
words, the LED will extinguish for one second and 
the speaker will tell which gateway # word was 
recagnized. If the system recognizes the com- 
mand after this, the unit will send the appropriate 
command to the track. 

Since momentum start and stop are timeacti- 
vated controls, the unit will not respond to other 
commands during this time, even though it's pos- 
sible for the VoiceDirect module to recognize it. 
This is because the time delay is many times 
longer than the voice recognition time. Please 
keep this in mind so you have a clear understand- 
ing of how the system operates. 

Speaking of the momentum commands, the 
four-pole DIP switch is used to determine the per- 
centage of step change per second. It's a straight 
binary code from 1-15, depending on the individ- 
ual settings, so you can change from 1-15% 
speed change per second. This works for both 
momentum start and stop commands. And don't 
forget ... if you don't set ANY switches, these 
commands won't work. Check out Table 1 for the 
breakdown. 


I certainly hope that you get excited about 
the possibilities here. NV 


IRLZ14 
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PROGRAMMING 
AND CUSTOMIZING 
THE BASIC STAMP 


_ELECTRONI 
* THOUSLESHOOTIN. 


COMPUTER 


CIRCUITS 


Volume?) 


5 SECOND EDITION 
$39.95 rst $35.95 subscriber 


$39.95 ust $35.95 subscriber sat ES ust $31.45 subseriber 
- Sr 


AUTEN 


aH uN JANN 


is. a fom" 


FOR PAID SUBSCRIBERS 


aE 
a FANN DJ si@L@) (Qe 
RADIO & WIRELESS 
re Noa 


Now you can order 
on-line! Check out 
our Book Store at 
www.nutsvolts.com A <IFRC 
for a complete listing  ‘ncsées empl hoping sass no 3 ones pee) Siping Xtaning $428 


CA residents add 7.75% sales tax. Or, call aur toll-free order-only line at 1-800-783-4624 


of available titles. nd se eur ae rCard or Visa. Or order on-line at www.nutsvolts.com. ALL ORDERS 
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Continued from page 42 


ALWAYS WANTED Wester Eleceric 
theatre amps, speakers, harns, drivers, and 
tubes. Also seeking vintage tube equip. by 
Marantz, Mcintash, and Tannay. Chong Ong, 
10223 Valentino Dr. 47304, Oakton, VA 
22124. Tel: 703-255-3218, Fax: 703-255-3718. 
E-Mail: ongkt88@ecrols.com 


WESTERN ELECTAIC wanted: 1920s- 
1960s. Amplifiors, mixers, pre-amps, speak- 
ers, tubes, etc. FREE OFFER 1-800-251-5454, 


AVIATION 
ELECTRONICS 


BUY-SELL-TRADE avionics and avidnics 
test equipment IFR, Collins, King, Bendix, 
Litton beerry, others. Wire markers Kingsley, 
Eubanks pilot seatic sets, Serra, tools Deutch, 
Daniels, Scorsby, tilt, balances. 
wrew.avionicsplus.net, sille2k@yahoo.com 
Fax 941-625-0494, Ph, 941-625-3222. 


PUBLICATIONS 


BASIC STAMP 2? uscrs:“Inside the BASIC 
Stamp II" tells how the PBASIC interpreter 
works, haw cade is stored in EEPROM, how 
to optimize code for space and speed. 160 
pages, 50 illustratians, many examples. See 
hutp:/fmembers.aol.com/stamp2book Send 
$29.95 check ar money order (US funds) to 
Brian Forbes, PMB 326, 19472 Stevens Creek 
Boulevard, Cupertino, CA 95014-2465. 


WWw.COVERTBUG.COM suR- 
VEILLANCE DESIGN BOOK. 117 
production schemaucs, all types of transmit- 
ters. Room, telephone. battery, and mains 
Powered. Countersurveillance chapter with 
equipment Visit website for details. 
Brochure. $40 + $6 S&H. Sheffleld 
Electronics, PO Box — 377940. 
Chicago, IL 60637. 773-324-2196. 
sheffield@covertbug.com 


ROBOT BOOKS.COM visit our web 
site for reviews of raboucs books, plus robot 


kits, toys, mavies, and 
wwe roborbooks.com 


magazines! 


MOTOR CONTROLLERS, PWM, 12V, 
24V, 35A, many features from $40 
plus S&H. info; 570-735-5053. Derails: 
hep-divelec.tripad.com Toll free orders 
{only) 1-888-314-6998. 


ARobot KIT from Arrick Robotics uses 
the BASIC Stamp II. Quality metal construc- 
tion. Easy to assemble and very expandable. 
$235. hupd!www,robotics.com/arabar 


The Nuts & Volts of 
Stamp Applications 


A collection of past Stamp 
Applications columns from 
Nuts & Volts Magazine. 


See page 47 for details, 


Miniature Transmitters and Receivers 


2 Button / 3 Channe! 
Transmitter 


RF300T 


1....$22.95 
S $1995ea 
10 $1695ea 


RF3OOXT 
1....$25.95 


fr%, A 5. $22.95ea 


’ 10. $1995ea 


@ 300 (XT), 150° (T) Range 
m Frequency 318 MHz 
m 59,049 Seltahle Secunty Codes 
@ 12 Volt Ballery and Keychain Included 
@ Current Draw 4&ma 
ully Assembled in Case 
imensions: 1,25° x 20° x 5° 
@ Push both buttons for the 3rd Channel 
@ Slide Button Cover Included 


@ Alarm Systems. 
m Garage / Gate Openers 
Lighting Control 


Visitect In 


SERVO CONTROLLERS liquidation of 
inventory, 1.500 units, manualty operated far 
robotics and R/C use, now caking offers on 
wholesale values. For decals: 
www.sattranics.bigscep.com Email: 
zdtvguy@hounail.com 


ROBOTS WANTED: Bead or alive, 
whole or parts. Marvin (lowa Precision). 
Gemini, RoPet, Hubot, RBSX, Newton 
SynPet, ComroTor ELAMI, ITSABOX, 
HeathKic (HERO JR. 1.2000. or Arm Trainer). 
Androbots (TOPO, BOB, Fred, and 
Androman), Rhino, Maxx Steele, Omnibots, 
etc. Also locking for robot prototypes, 
options, and literature, will pay cash. Please 
E.Mail rdoerr@bizserve.com Call 810-777- 
1313 or write to: Robert Doerr, 26308 
Cubbermess. St Clair Shores, MI 48081. 


@ Magic Props 
™ Medical Alert 
= Monitoring Systems 


(510) 651-1425 Fax: (510) 651-8454 
P.O. Box 14156, Fremont, CA 94539 


4 Button / 15 Channel 
Transmitter 


RF304XT 


4,...§27.95 
5 $249Sea 
10 $21.95 ea 


™ 250° Range 

m Frequency 318 MHz 

6,561 Selfable Security Codes 

m 12 Volt Battery and Keychain Included 

@ Current Draw 46ma 

@ Fully Assembled in Case 

@ Dimensions: 1.35°% 2.25" x 5° 

@ Push combinalion of buttons to achieve 
up to 15 channels 


@ industnal Cantrals 
™ Surveillance Control 
= Motor Control 


Cleete #45 on tha Reader Service Card. 


ROBOT KITS: Over 30 complete robot 
kits fram beginner to advanced at 
www.clectranickits.com 


= 


12V HIGH-TORQUE MOTOR & 
WHEEL Need a drive system for your 
robor or cart? This high-torque motor and 8 
inch wheel-kit are the answer, Only $59 
plus S&H. Derails: <hup://hame.atened~ka 
dtroniximain.htm> or phone 321-757-9280. 
(Mention this ad for 10% discount) 


2-4 Data / 3-15 Channel 
Receivers 


RE3OORL, 
RF300RM 
1....$27.95 


5...$249Sea 
10..$22.95 ea 


RF304RL 
RFI04RM 


1....$29.95 
S....$26.95 ea 
10..$23.95 ea 
@ Compatible with 300/4 Transmitiers 
1-24 valts DC Operating Voltage 
Ima. Current Draw 
atching (L) or Momentary (M) Output 
@ Kits Available (subtract $5.00 ea.) 
@ Dimensions: 1.25" x 3.75" x 5° 
m@ 2 (300) / 4 (304) Oulput Data-Lines 
@ Binary to Dec / Hex Converter can 
achieve up to 15 channels 


@ Schematics Available 
m@ Receiver Board Layout Available 
@ Custom Design Consulting Available 


Email: Support@Visitect.Com 


Visa / Mastercard, COD 


EASY RC. Preprogrammed PIC accepts 
standard RC pulses and sends control signals 
to motor controller for direction and pro- 
portional speed control. Single channel or 
dual channel with mixing available. Info: 570- 
735-5053. hepifdivelec.tripad.com email: 
carliijm!@bigfoot.com 


MINI BOB, the new platform from Tekwild 
Rabaties is compact and powerful. Visit our 
website for complete specs! $179. S12-447- 
6476. wew.tekwild.com 


kcronic OBhowease 


New special advertising section. 


See page 48. 


Q/u Board =, -# 
Hi-Ros Cameras ..- 


Froo $32-00 <5 


All Cameras Shipped With PlugnPlay Cehle With RCA Video 
Out and Standard DC Barrel Plug. Enclosed Cameras Come 
With Miniature Mounting Brecket All Products On This 
Page Use 12 Volts DC Standard! Please Call 1-800-903- 


3479 For More Information or Email 
| Sala s@IntathicamSystams Com 


Hi Paver 
Infrared 
Board 
Cameras Froa 


$39.00 


— 


wow INTELLICAMSYSTEMS com 


Your New Hexdquaress For 24 Gigshore Wika Solunan. All 
of our widess transnitien az FOC eompiant Ourpun wary from 
8) Om (no keense requimd) to Lay enforerent gock hgh power 
sutpuc. Sar quipun do mquirecenain FOC liane, 


High Res Color 
Enclosed Pinholes 
From $99.00 


Colar Board 
Pinhales 

Starting At 
979.00 


Enclosed B/i 
Finholes 
Fro $39.00 


$13 In Y Inch TFT Color 


. Display 
Quantity With Audia And Image 
Reverse. 


RCA Connectivity 
Operates On Standard 
le Volts DC. &dvbee 
Pixels For Excellent 

Resolutian. Ideal 
For Setting Up Video 
Surveillance Systems. 
Compatible With 411 
Video Gane Consoles. 


From Board Level Pinhole C ameras To Specialty 
Underwater C olor Infrared Cameras, We have what 
you're looking for at true wholesale prices. Call usnow 
at 1-800-903-3479. Dealers Always Welcame. 
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THE ONE STOP} 


SERIAL GRAPHIC LCD 


PICL-2464 $99.00 
‘Sharp LM24014 240 x 64 LCD 


E.L Backlight 


Sx 1 5/16" Viewable Area 
PIG 16F877 Re-Programmable 


MTR-EVUE-12 $399.00 


Switches, A/D & UO Bits 


12.1 TFT LCD Monitor Kit 


$299 


3s 


“The World Wide LCD Source” 


pBREAK BREAKOUT board for paral- 
lel ard game ports. Extensive tutorials. 
herpliwerwcencKITS.com 


PLANS — KITS — 
SCHEMATICS 
ELECTRONIC KITS: Hundreds of elec- 


cronic kits and projects. Where else except 
were. clectronidats.com 


AComplate 12.1 TFT 
LCD Kit With Controller 
and 180 Nit 16.7M XGA 
Panel 


SK-2005R $299 


12.1 INDUSTRIAL MONITOR 


$399 
Rugged Matal Case 
On Sereen Display 
Frea Z-Mount 
Resistive & Capacitive 
Touch Screen Options 
Available. 1024 x 768 
16,7 Millian Colors 


3 Sharp Color TFT 
NTSC Composite |n 
Complete Monitor! 
42 Volt Oparation 
Ideal for Security 


MTR-NTSC-3 $99.00 


Http:/iwww.earthicd.com 


-COM ja Calle Perfecto - San Juan Capistrano, CA 92875 


Clreta #44 on tha Reader Service Card. 


FUN KITS. remote control, motor con- 
trollers, PIC experimenter boards. Quality 
guaranteed, Secure online ordering. 
weeew.dIrkitr.com 


NEW — BOTBOARDS. quick-build pro- 
toboards, PIC single-board computers, and 


reconfigurable programming 2dapters. 
weew.oricomtech.com 
WWW.COVERTBUG.COM  SUR- 


VEILLANCE TRANSMITTERS using 
all RadioShack’s numbered parts are easy to 
build with our kit type plans. Three room, 
two telephone transmitters for tha FM band 
and above. $7. No personal checks. 
Sheffleid Electronics, PO Box 377940, 
Chicago, IL 60637. 773-324-2196. 
sheffield@covertbug.cam 


Ph: (949) 248-2333 Fan: (949) 248-2392 


ISA DIGITAL/ANALOG BOARD. 
Great for experimenters, designers, stu- 
dents. 27 digital 1/O lines, eight &-bit AD 
inputs, one with mike preamp, two &bit DA 
outputs. one with power amp, buffered dara, 
address and contral lines, plus 3 spare 
selects for expansion. Bare board only $20, 
kits and assembled available. More informa- 
tion and FREE control and embedded tuto- 
rial at wew.learn-c.com 


TINY WHE SCANNER radio kit only 2 
cubic inches size. Surface mount parzs 
prewired, only 20% of wiring left for you to 
do. §0 to 163 MHz range. Scan and reset but- 
rons stable pp! circuitry, All parts, instruc 
tions, Email cas4875028@webtv.net for pix 
details. Or $19.95 pp (batteries excluded) to 
Smitilats 19 Christine Dr, Se Peters, MO 
63376. 


lest Equipments 


og a” es 


ection 


Corporation 


Test Equipment Connection Is looking to purchase your excess or underutilized 
electronic test and measurement equipment We buy the largest variety of 
electronic test equipmentin the industry. 


CALL: 800.615.8378 


FAK: 800.819.8378 


WWW.TestEquipmentConnection.CoM 
Specialist in Hewlett-Packard, Tektronix, and many more manufacturers. 
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Clrele 645 on tha Aaadar Sarvice Card. 


MISCELLANEOUS 
ELECTRONICS FOR 


SOLAR-POWERED FAN HAT. 
Baseball type hat with solar powered fan. 
Great for sports fans, golfers. etc. Available in 
red or blue. $19 plus $2.00 shipping. CA res- 


idents add 7.75% sales, a. 
ViswMCiDiscfAmex OK. HT. Orr 
Computer Supplies. 249 Juanita Way, 


Placentia, CA 92670. 714-528-9822, 1-800- 
377-2023, FAX 714-993-6216. 


IGH UALITY TOOLS AND 
rAIneLens STEEL HARDWARE. 
European and American screw 
drivers, nutdrivers, pliers, hhex- 
keys, balldrivers, and moro! 
Wiha, Bondhus, and Knipex. 
Stainless cap screwSs machine 
screws, nuts, washers, U-bDaIts, 
and eyes. Free catalog. Robert 
Mink Import-Export, Box 6437V, 
Fair Haven, NJ 07704. Telephone 
or fax 732-758-8308. E-Mall: 
w2tv@compuserve.com 


NUCLEAR ELECTRONICS (NIM, 
CAMAQ), PMTs, optics, high vacuum, and 
high volage components and equipmenc 
Guaranteed quality at reasonable cost. 
Technologies, Box 703, La Madera, NM 
87539. Ph: 505-583-2482, Fax: 505-583-9190, 
E-Mail: octech@newmexico.com bupi? 
www.cetech.cam 


ANAHEIM WIRE PRODUCTS. DIS- 
TRIBUTOR OF ELECTRICAL WIRE 
AND CABLE since 1973. Items available 
from our stack: Hack up wire, Automotive 
primary wire, GXL SXL, Plenum cable, Teflon 
wire, Multiconductar cable, Irradiated PVC, 
SQ-CORD, Mil-Spec wire, Building wire, 
Welding cable, Battery cable, Telephone wire, 
Shrink tubing. Cable ties, Connectors. Wire 
cut & strip to specs. If interested, please eal] 
1-800-626-7540, FAX: 714-563-8309. 
VisvMC/Amex. SEE US ON THE INTER- 
NET: hrtpyAvwwanaheimwire.com OR E. 
Mail: info@anaheimwire.com 


PYLE MANUFACTURING. LLC. 
Bankruptcy. Speaker liquidation: magnetuzers, 
coil winders, demagnetizers, X,Y, Z coordi- 
nate mach, glue equipment, case sealer, foam 
packaging system, test equipment, induction 
heaters, forklifts, cools. Speakers: parts, bas- 
kets, xovers, enclosures, hardware. Info: 846- 
350-5565. werwisesurplus.com 


SAVE DATA during blackouts. Keep PC. 
clocks, exc., running with continuous power. 
949-494-0072. 


HARD-TO-find parts: PTY screcns, mad 
ules, chassis, flybacks, tuners, tubes, for all 
brands. Manuals. 478-272-6561. Scarborough 
TY, 1422 Old River Road, Ease Dublin, GA 
31027. searhoroughsev@pcnow.net 


COOL USB I/O GADGETS. Hardware, 
accessories, development kits. design notes. 
See it all at WWW.TMi000.COM 


ELECTRONIC SURPLUS storage clear- 
ance. Components. chassis. and more. $10 
for random box lot, shipping Included. Allled 
Component Works, 18917 Smoothstone 
‘Way NV6, Gaithersburg, MD 20886, 


MINI FM SCANNER RADIO with button 
earphones. Size of quarter yet incredible 
sound. Why pay up to 4 times mare 
elsewere. Email cas4875028@webtv.net or 
send only $6.95 + $1 S/H to Smithkits, 19 
Christine Dr. St Peters. MO 63376. 


MISCELLANEOUS 
ELECTRONICS 


WANTED 


DEC EQUIPMENT WANTED!!! We 
are buying DEC systems, boards. terminals, 
drives and peripherals. Also Scientific Micre 
Systems (SMS), CMD, Darability, Dilog. OSD, 
EMULEX, other DEC compatibles. Please 
contact us for a quote or fax/email your 
equipment list. We buy, sell. and trade. KEY- 
WAYS, INC. 937-847-2300 or fax 937- 


847-2380 or email buyer@keyways.com 


WANTED: TUBES, radios, transmitters, 
receivers, gyros, bearings, connectors, relays, 
lamps. synchras. Hyness Company. 7098 
Delair Road. Monroc Twp.. N| 08931. Phone: 
609-395-1116, FAX 609-395-1117. 


WANTED: DALANCING machines & 
vibration analyzing equipment manufactured 
by the fallawing Speetral Dynamics, 
Hofmann, Bentley Nevada, Schenck, IRD 
Mechanalysis, Gishatt, Contact Mike Parke at 
ET. Balancing. 12823 Athens Way, Los 
Angeles, CA 90061. 310-538-9738, FAX: 310- 
538-8273. 


CASH PAID FOR ICs. Miliary or com- 
mercial integrated circuits. transistors. 
diades, an semiconductors. 
ELECTRONIC SURPLUS, INC, 5363 
Broadway, Cleveland, OH 44127. 216-441- 
8S00 or fax 216-441-8503. since 1946 
www electronicsurplus.com 


WANTED: EXCESS ELECTRONIC 
COMPONENTS, HOARD-LEVEL 
COMPONENTS; MILITARY COM- 
PONENTS; ICs, MEMORY, TRAN- 
SISTORS, DIODES, CAPS, RELAYS, 
ETC. CALL LPS 562-439-2453 
FAX 562-439-0453 


WESTERN ELECTRIC wanted: 1920s- 
1960s. Amplifiers, mixers, pre-amps, speak- 
ers, tubes, etc. FREE OFFER | -800-251-5454_ 


WANTED: X-BAND radar equipment. 
Military, civilian, working of not, parts, TMs, 
ete. Box 10215, Pirtsburgh, PA 15232. 


BBs/& (ONLINE 
SERVICES 


WWW.8LINERS.COM YOUR Cherry 
Master & § liners website 


MAGICIAN IS available to solve your RF 
problem, | will reach you in my laboratory 
haw to do it Young engineers and techni- 
cians are welcome. SMT protoryping up to 
3GHz for customers. Minaret Radio, John 
Horvath ph: 909-943-3676. 


BUSINESS 
OPPORTUNITIES 


AFFILIATES WANTED: If you have a 
website you can carn a 10% commission for 
every person that you refer to our site. 
See complete dewails at 
www spousewatcher.com 


COUNTER-SURVEILLANCE=$250 
HR! Electronic eavesdropping is unbeliev- 
ably widespread! Are you sure you're safe? 
Leam how others (without prior experi- 
ence) carn $250 HR in the fascinating field 
of COUNTER-SURVEILLANCE! For FREE 
caualog call: 1-800-732-S000. 
HTTP/AWWWSPY-CITY.COM 


REPAIRS — SERVICES 


(E)EPROM PROGRAMMING done 


quickly and econamiesily, One day turn 
around typical. Simple copy $3 per device. 
Also protatyping, design, and consulting ser- 
vices available, Call or send SASE to: Luzer 


Etectronics. 4023 North 
Bayberry, Wichita. KS 67226. 
316-687-2127, FAX 316-687- 
3103. 


CIRCUIT BOARDS for projects. proto- 
types, shart runs. From your artwork. Low 
rates. Atlas Circuits 704-735-3943. 
eww pebatlas.com 


SPECIAL PROJECTS: Wild, weird, 
wacky, wonderful hardware, technical 
coaching. website designs. 
Lone Star Consulting. Ine. 
www lonestartek net 


MECH ENGINEERING CONSULT- 
ING: machine design & packaging fram con- 
ceptual to manufacturing: derailing. bill of 
marl, part procurement. & proto build. GSC. 
MECHANICAL ENGINEERING 
SERVICES 5S08-339-7837 or email: 
SEC GSC @aol.cam. (Ask for Greg.) 


WELD ALUMINUM WITH 
PROPANE! EZ. INEXPENSIVE. STRONG. 
DETAILS: WEEKS, 36 CAROLINA ST. TAY- 
LORS, SC 29687. 1-800-547-WELD(9353) 
FAX 864-244-6349, https!) www.durafix.com 


Why should you 
subscribe to 
Nuts & Volts? 


il tell you why. Because you 
won't want to miss any of the 
great features coming up in 
the next few months. 


We have articles in the works 
for launching and tracking 
model rockets, mare on giving 
your project a USB interface, 
SCR and Triac principles and 
circuits, controlling lights and 
appliances with your comput- 
er’s serial port, furnace fan 
control, computerized heart 
monitor, lots more robotics, 
microcontrollers, kits, projects 
and just about everything else 
an electronics hobbyist could 
ask for. 


So don’t wait! Just think about 
all you don’t want to miss and 
get that order in now! Before 
it’s too late! 


Ey phone 
1-800-783-4624 


TEACH and LEARN 


ELECTRONICS 


EASILY AND EFFECTIVELY 


LOW COST 


KITS! *Be cure to see the article on our kit in this issue! 


sortuane «vis C8) 


COURSES © LABS » TOOLS 


Call NOW 


“Thousands of teachers across the US are current- 
ly using these materials. if you need ideas for your 
program call me — With over 20 years in elec- 


FREE CATALOG, tronics education, I'll be happy to share my experi- 
POSTER, ence with you.” : j ne 


&CD — Emilio Funes, Vice President 


Gibson Tech Ed, Inc. 
TECHNOLOGY YOU CAN BUILD ON 
1-800-422-1100 


www.GibsonTechEd.com 


Circle #48 on the Roador Servica Card. 


Serial in, graphics o 
Aimost too easy. 


These serial displays take RS-232 at 2400 or 9600 baud 
and produce stunning text and graphics on a supertwist 
LCD screen. See our complete line at www.seetron.com. 
All models are in stock for immediate delivery. 


G12032 
120x32-pixel LCD 


sox ne $99.00 

+ Same size as 2x16 text LCD |} =e 
« Editable fonl|s) in 4 sizes = *Sraphics 
+ Up lo 6 screens in EEPROM 
* Easy torminal pratacal 


G12864 
128x64-pixel LCD 
$199.00 sexs: 

+ Lange, sharp LCD 

+ Editable font(s) 

+ Up to 14 screens in flash 

« Separate text, graphics layers 
+ DB9 connector built in 

+ AC adaptor jack built in 

+ Easy terminal protocol 


Display te 
& graphics 
with the 
6125641 


(3.7 x 2.8 in.) 


www.seetron.com 


Scott Edwards Electronics. Inc ph 520-459-9802 = fx 520-459 
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—— 
by Stanley York 


Back to basics 


This month, we're going back 
to basics and lock at general optical 
principles, micror coatings. and how 
lenses work, but we'll finish up 
looking at how to improve the quali- 
ty of a laser beam. First, though, the 
basics. 

We all know how mirrors wark. 
The angle of reflection equals the 
angle of incidence for a flat mirror. 
Things get a little more complicated 
when we start to deal with curved 
mirrors, though, although the same 
general principles apply. That's 
something we leamed in junior high 


Normal incidence 


incident beam A \ Ms 
SN 


B 


Figure 3-1 — Anti-reflection 
coating principle 


Plano concave 


Concave meniscus 


Double concave | 


school, But now we are dealing with 
lasers, and mirrors take on a new 
meaning, and in some cases, 3 
totally new appearance. 

It you have a HeNe laser you 
experiment with, take a fook (with 
the power off, of course!) at the 
end mirrors. You'll notice that they 
are not red or silver, but rather a 
yellowish or greenish color. We'll 
get to why that is in a minute. 

remember the first time | saw 
an Nd:YAG (Neodymium-doped 
Yttrium Aluminum Gamet) mirror, | 
was quite surprised to find that the 
mirror was almost totally transpar- 
ent, yet it was a 100% reflecting 
mirror at the Nd:YAG wavelength 
(1,064nM). Even more surprising, 
was when | began working on CO2 
lasers, and found four distinctly dif- 


Reflected bearn B 
/ 


Reflected beam C 


Anti reflection layer 


Glass substrate 


Plano convex 
Double convex ] 


Convex meniscus 


Figure 3-2 — Common lens shapes 
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ferent types of material for these 
mirrors, two of which were com- 
pletely black! But again, we'll 
answer some of these anomalies in 
a minute. 


Mirror coatings 


The mirrors we see in everyday 
life usually have a coating of silver 
or aluminum and are covered with a 
thick coating of paint for protection. 
These mirrors reflect all the visible 
wavelengths of light, and we are 
able to see reflected images of 
everything around us in them. But 
these types of mirrors would not 
work too well in a laser application, 
and this is why most laser mirrors 
do not look at all like the mirrors we 
are used to seeing. 

Laser mirrors are designed 
specifically for the type of laser 
they will be used in. Usually, 
mirrors made for laser applica- 
tions are thick and use a variety 
of glasses, depending on 
whether the glass is used for 
reflecting, transmitting, or some 
combination of these. So-called 
multilayer dielectric coatings are 
applied to laser mirrors. These 
coatings are normally some kind 
of metallic coating, extremely 
thin, and fragile. 

The coating type and thick- 
ness determines the operating 
wavelength of the mirror. The 
coatings are applied to the mir- 
fors using a special pracess in 
high-vacuum chambers. Metal is 
evaporated, and a high-voltage 
field prapels atoms of metal 
toward the heated mirror, build- 
ing up the coating slowly and 
uniformly, atomic layer by atom- 
ic layer. This special process is 
one of the reasons that laser 
mirror prices are so high. Not 

just mirrors, but all optical com- 
ponents used in a laser are pre- 
cision-made, expensive, and 
must be handled with great 
care, 

The coaling thickness and 
material type determines the 
wavelength of light that the mir- 
ror will preferentially reflect. 
Figure 3-1 illustrates how an AR 
(for Anti-Reflection) coating 
works. This type of coating is 
designed to permit maximum 
transmission (i.e., minimum 
reflection) of light through an 
optic, whether it is a mirror, a 


lens, a prism, or some other optical 
device. When the incident beam A 
strikes the surface of the AR layer, 
teflected light waves are returied 
along path B. 

Some of the light passes 
through the layer to the surface of 
the optic, and strikes the AR 
layer/optic surface boundary. Here, 
the coating thickness is chosen to 
be about a 1/4 of a wavelength of 
incident light (A/4) to reflect the 
beam C back to the surface of the 
AR layer that is 1/2 wavelength out 
of phase with the beam reflected 
from the surface of the AR layer. 

Because the two reflections are 
in opposite phase with relation to 
each other, they effectively cancel 
each other out and result in almost 
zero reflection from the optical sur- 
face. This is the case for an AR 
coating. 

To get a high reflectivity coat- 
ing, all we have to do is make sure 
that the reflected waves from the 
AR layer/optic surface boundary 
are in phase with those reflections 
fram the top surface of the AR 
layer, thus giving maximum reflec- 
tivity and minimum transmission at 
the particular wavelength we 
require. 

In this manner, we can put fur- 
ther coatings on the glass substrate 
(term applied to any uncoated opti- 
cal element) to provide any degree 
of reflection/transmission ratio that 
is required. The beamsplitter is a 
good example of this. 

Many industrial applications 
use a laser that has a multiple beam 
output In some cases, the beams 
are carried by fiberoptic to the 
point of use. In all cases though, 
the laser beam is split using mirrors 
that reflect part of the incident 
beam and allow the remaining 
beam to pass through, possibly 
going into another beamsplitter. 

In this way, with careful choice 
of coatings, multiple beams can be 
obtained from the same laser. Of 
course, since energy is extracted 
from the laser beam at every beam- 
splitter, there is a gradual fall in 
Jaser intensity as the beam pro- 
gresses through the series. It is for 
this reason that beamsplitter coat- 
ings have to be carefully chosen to 
give correct results. 

As an example, | once had to 
split a 1kW COg laser beam into 
four identical outputs for a produc- 
tion welding application. The first 


beamsplitter was a 25% reflecting. 
75% transmitting, to give 250W. 
The second ane was a 33% reflect- 
ing. 67% transmitting (after the first 
splitter, there was only 750W left), 
the third was a §0% reflecting, 50% 
transmitting (to split the remaining 
500W), and the fourth was a 100% 
reflecting. All at 45° angle of inci- 
dence. 

Okay, getting back to the 
beginning of this column. 
Remember | said thal the 100% 
reflector for Nd:YAG was almost 
totally transparent? You cauld prob- 
ably understand why now. It's all to 
do with wavelength. 

Nd:YAG lasers emit a beam at 
1,064nM. This puts it into the near 
infrared (the visible spectrum ends 
at about 700nM or so). So, a coat- 
ing for this wavelength may nat 
stop any visible light at all! That's 
why it appears almost transparent. 
There is a very slight coloration to 
an Nd:YAG mirror, and that col- 
oration depends more an the mate- 
nia! used to coat it, rather than the 
thickness of the caating. 

| also said back then that the 
COz laser uses at least four types 
of material for mirrors. 

The first one | became familiar 
with was salt. Yes, salt. You may 
think I'm going nuts, right? Well, let 
me clarify things a bit. It wasn't salt 
that you find on your dinner table 
(alihough, given the right condi- 
tions ...). This salt was Potassium 
Chloride, usually called KCL. The 
problem with KCL is it absorbs 
moisture right out of the air, and 
it pases seriaus problems when it 
starts to absorb moisture. 

The second and third materi- 
als | came across were 
Germanium — the same stuff they 
used to make transistors out of — 
and Gallium Arsenide. These two 
were totally opaque to visible 
light, yet the CO2 wavelength 

could easily pass through them. 
CO? wavelength is 10,600nM 
(10 times the wavelength of 
Nd:YAG). This wavelength puts 
this laser into the far infrared. 

The fourth material is one 
you may have already heard of, 
Zine Selenide. It's a clear yellow- 
ish material that allows visible 
light to pass through, as well as 
the infrared. This material is more 
expensive than any of the others, 
but in terms of performance and 
ease af setting up the laser for 
experiments, it is well worth the 
added cost. 


Lenses 


in combination, and finally see 
how they can be used to correct 
divergence in a laser beam. We 
shall discuss only a few principles 
here, as they relate to laser use. 

Figure 3-2 shows us some 
fairly comman lens shapes. 
Those on the left are diverging 
lenses; those on the right are 
converging lenses. The two types 
shawn are known as simple lens- 
es (there is only one element to 
each). Other lenses are made up 
by cementing together different 
lenses — sometimes made of dif- 
ferent pJass — to achieve special 
characteristics. These types will 
nol be dealt with this time 
though; otherwise, we would take 
up the whole magazine! For all 
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Key: 

te = edge thickness 
tc = center thickness 

bfl = back focal length 

{fl = front focal length 

efl = effective focal length 

F' = front focal point 

F" = back focal paint 

P* = first principle point 

P" = second principle point 

R1 = radius of curvature (surface 1) 
R2 = radius of curvature (surface 2) 
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Figure 3-4 — Parameters 
describing a simple lens 
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the equations that follow in this 
issue and future articles, we shall 
assume that the light rays entering 
the lens or lens combination are 
close to, and parallel to the optical 
axis. See Figure 3-3. 
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Focal plane 


upper laser damage threshold of 


approximately SOOMW/ 


cm?. That is to say, that under nor- 
mal operating conditions, the optic 
may suffer irreparable damage if the 


power density reaches 


eff 


631W/cm®. Pretty tame. But if that 
beam is focused down to a spot 
size of 1mm, the power density 
zooms up to 6369W/cm?. Going 
one step further, if the beam is 
focused down to 0.5mm diameter, 


Perhaps a word is in order here 
about laser damage threshold in 
optical devices. Although most opti- 
cal glasses are very clear, there is 
always a danger when using focus- 
ing optics, that the energy density 
may reach unsafe levels (for the 
optics, that is). Most aptical prod- 
ucts made for laser use have an 


500MW/cm? or above. This is a 
very high number though, and it is 
very unlikely that you will ever see 
power densities as high as this, 
unless you are in the laser industry. 

A 200 watt laser with a beam 
diameter of 6.35mm (1/4") has a 
power density (assuming a perfectly 
uniform spatial profile) of 


the power density leaps up to over 
25 kilowatts/cm?. A litte mare seri- 
ous, and enough power density to 
do real damage. This concentration 
of laser power is enaugh to melt 
stainless steel. 1 know, because my 
daily work involves the laser weld- 
ing of stainless steel, and | use a 
200W laser to accomplish the task. 


The subject of lenses is a fairly 
long and involved one, so we're not 
going into it too deeply here. There 
are many good books out there if 
you wish to go into greater depth, 
but we will try to keep things simple 
in this article, What we'll do is look at 
lenses in general, see how they work 
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how enormously high powers are 
generated using a laser. You some- 
times hear how research labs 
around the country have generated 
laser powers reaching thousands of 
megawatts; I'll tell you later how 
they do that. It won't be easy for 
the amateur to achieve these power 
levels, but | will tell you a cheap and 
easy methad of generating a few 
hundred kilowatts! 

Retuming to Figure 3-3, we see 
tight rays coming in from the left of 
the page and entering the double 
convex lens at some distance from 
the optical center of the lens. Upon 
reaching the interface, the light ray 


Figure 3-7 — Two 
methods of folding a 
telescope 
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bends or refracts toward the nar- 
mal, and continues on to the sec- 
ond interface, where it again 
refracts, and continues on, follaw- 
ing a different path than when it 
entered the lens. Where the emeng- 
ing light beam crosses the optical 
centerline is known as the focal 
point of the lens, and is usually des- 
ignated f in mast optical texts. 

The distance f is called the 
focal length of the lens. (Here it is 
approximated to the center of the 
lens. In fact, it is a litle more com- 
plex than this, but for the sake af 
keeping things simple, we'll use the 
thin lens equations where we need 
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Figure 3-5 — Simple 
telescope 
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Figure 3-6 — Simple 
non-inverting telescope 


to, and assume that the center of 
the lens is the reference point for 
measuring the facal length.) 

A quick and dirty method of 
measuring the focal length of a 
plano convex or double canvex 
lens is to find a location that has 
some bright, easily-defined abjects 
in the distance. 

As an example, stand against a 
wall facing a window on the ather 
side of the room. Tape a piece of 
white paper to the wall you're 
standing by. Hold the lens up so 
that light from the window is pro- 
jected through the lens and onto 
the paper. Vary the distance of the 


lens from the paper until a sharp 
focused image of the window is 
formed. If there are objects outside 
the window — for instance, a tree — 
then try to get this into focus on 
the paper. Since this is more distant 
than the window itself, the light rays 
coming from the tree will be mare 
nearly parallel than those coming 
from the window alone. If this can 
be done while holding a scale 
against the lens to measure the dis- 
tance from the wall, then the facal 
length of the Iens f can be read off 
the scale. 

There are a number of terms 
used in describing the various char- 
acteristics that define a lens, and 
some of the more important ones 
are given here in Figure 3-4. 

When specifying lenses, the 
manufacturer may require some of 
the listed parameters if the lens is a 
new design. For most applications, 
though, lens designs have been 
standardized by many of the major 
manufacturers and produced in 
large numbers to reduce costs. 
Very often we see lenses used in 
combination. In a telescope, for 
example. 

Let's examine briefly haw a 
simple telescope is made. In Figure 
3-5, parallel light rays enter the lens 
and are brought to a focus ata dis- 
tance efl trom the lens. If a second 
lens of double the focal length is 
introduced at a distance 2eft from 
the facal point, the converging rays 
cross over and become diverging 
on the right side of the faca! paint. 
If these rays entering the second 
lens are made parallel again, we 
have the essential features required 
for a telescope. 

in this drawing, we have an 
eyepiece lens, whose focal length is 
F The objective lens is slightly larg- 
er in diameter, and has a focal 

length of exactly twice that of the 
eyepiece lens, or 2f You'll see in 
the drawing that the two lenses 
are positioned such that the two 
focal points are coincident at F, 
the common focal paint. 

This type of telescope — 
using two convex lenses — is 
known as a refracting telescope, 
since it relies on the refracting 
properties of lenses to achieve 
the desired results. The telescope 
as shown, inverts the image seen 
and is therefore not much use for 
looking at distant terrestrial 
objects. However, for fooking at 
the moon and planets, it doesn't 
really matter that the image is 
inverted, and so simple astro- 
nomical telescopes are usually 
constructed this way. The magni- 
fication of such a telescope is 
easy to determine, once we know 
the focal lengths of the lenses 
used. Magnification power = focal 
length of objective lens/focal 
length of eyepiece lens. 

In our example, the objective 
lens is twice the focal length of 
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Figure 3-8 — Basic laser set-up with a spatial filter 


the eycpiecc lens, and so the mag- 
nification is two. To make this type 
of telescope useful for land obser- 
vations, we need to invert the 
image again. This can be donc in 
two ways: cither by interposing 
another lens in the eycpiece, which 
is the usual way. Or, replace the 
eyepiece lens with a concave lens, 
as in Figure 3-6. In this arrange- 
ment, the focal points of the double 
convex and the plano-concave lens- 
es should coincide. Again, the mag- 
nification factor of the telescope is 
focal length of objective/focal 
length of the eyepiece. 

In the previous example, the 
length of the telescope is the sum 
of the focal lengths of the two lens- 
es. It's the same in Figure 3-6, but 
one of the lenses (the eyepiece) is 
a negative lens, and the addition of 
the two results in a shorter tele- 
scope. 

Where the ratio of the objec- 
tive and eyepiece lenses is large, 
the magnification is high, and the 
telescope can became ungainly and 
hard to control. In these cases, we 
can use prisms or mirrors to bend 
the telescope in any number of 
ways to make it more manageable. 

Figure 3-7A shows a prism 
being used to reduce the overall 
length of an astronomical tele- 
scope. The problem of doing this is 
that the image becomes reversed 
left-to-right as well as top-to-bot- 
tom. Figure 3-7B shows another 
method of shortening the length of 
a telescope without introducing an 
image reversal. Two flat mirrors are 
used to redirect the light rays from 


the abjective lens toward the eye- 
picce, thereby causing two rever- 
sals of the image. This is the same 
principle as is used to make binoc- 
ulars, where prisms are normally 
used instead of flat mirrors. 


Better laser beams 


But this is a laser column, so 
we can't leave without talking at 
least a little about lasers. 

In last month's column, we saw 
how a laser beam can have several 
Operating spatial modes, and we 
also saw how those spatial modes 
appear when exposed to film. We're 
going to see now how some af 
these extraneous modes can be fil- 
tered out, and how the beam diver- 
gence can be improved. 

With any laser, if control can be 
obtained to limit the maximum num- 
ber of spatial modes that are allowed 
to operate, the end result will be a 
lower-order mode beam than would 
otherwise be made. That much 
stands to reason. But how to get 
control, that is the question. 

The usual way to get the high 
quality beams used for holography 
and interferametry is fo use a spa- 
tial filter somewhere within the res- 
onator {the space between the end 
mirrors, see Figure 3-8). A spatial 
filter limits the active volume of the 
gain medium (the laser gas or rod 
available for lasing) and prevents 
the higher-order modes from 
becoming significant in the lasing 
process. 

The way it works is this. A pin- 
hole is drilled into a mountable 
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block (usually metal, but ceramic is 
sometimes used). The black is 
mounted in an X-Y stage and placed 
on the optical rail between the laser 
head and one of the end mirrors. 
When the laser is started. the posi- 
tion of the pinhole is adjusted until 
maximum power output is obtained. 

If a check is then made on the 
beam profile as before, it will be 
found that not only is the spatial 
power distribution better (i.e., clos- 
er to a Gaussian beam) than before, 
but also the beam divergence has 
improved to make the beam more 
nearly parallel. Of course, this all 
happens at a cost. 

The price to pay for the 
improved beam quality is less 
power output from the laser, anda 
smaller beam cross-section. But 
this is not always a drawback. The 
tighter beam divergence, coupled 
with improved spatial profile, allows 
the beam to be concentrated into a 
tighter focus, which means a higher 
power density at the focal point. 
The point here, though, is ta get 
the spatial filter inside the res- 
onator. It is no good trying to con- 
trol the spatial! profile from outside 
the resonator, it won't work. All that 
will accomplish is to reduce the 
laser power with no improvement 
in mode structure or divergence. 

Adding a spatial filter as indi- 
cated above will improve the mode 
structure and beam divergence. But 
beam divergence can also be 
improved without using a spatial fil- 
ter. If we run a laser beam through 
a telescope in reverse, the diver- 
gence figures will improve in the 
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same ratio as the telescope magnifi- 
cation. That is ta say, if we have a 
2:1 magnification telescope, and 
shoot the laser through the eye- 
piece lens and out through the 
objective lens, we will find that the 
beam divergence has dropped by a 
factor of 2. 

When used in this manner, the 
telescope is usually called a beam 
expander, because the beam grows 
in cross sections as it travels 
through the telescope lens system. 
The beam emerging, though, will 
diverge at a lower rate than when it 
entered the beam expander, but 
losing no power in the process. 

The point in getting improved 
beam quality is well justified when 
the laser is used for holography, 
which we'll cover in more depth in 
a later column. The laser beam 
quality is very important to the clar- 
ity of the finished hologram, and 
any extraneous spatial and longitu- 
dinal modes can ruin an otherwise 
perfect set-up. Interferometry is 
another branch of science that uses 
lasers and, in some instances, tem- 
perature-tuned etalons (a special 
kind of optical filter) are used to 
limit the number of longitudinal 
modes present in the beam. 

Stay tuned to this column. Next 
month, we're going to describe a 
construction project that we will 
build over the next couple of 
issues. It will be a laser light show, 
and will have some features that 
have not been published in other 
magazines, and optional add-ons 
you can incorporate as your budget 
and junk box will allow. NV 
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OPAMP COOKBOOK 


by Ray Marston 


Part 2 + op-Amp Basics: 
Amplifiers and Active Filters 


Ray Marston looks at practical op-amp amplifier 
and active filter circuits in this second episode of this 
four-part survey of op-amp principles and applications. 


741-type op-amp and operated 
from dual 9V supplies, but that 
these circuits will usually work 
(without modification) with most 
voltage-differencing op-amps, and 


ast month‘s opening 
episade of this four-part 
‘opamp’ series described 
the basic operating princi- 
ples of conventional volt- 


age-differencing ap-amps (typified 
by the 741 type) and showed some 
basic circuit configurations in which 
they can be used. This installment 
looks at practical ways of using such 
Op-amps in linear amplifier and 
active filter applications. 

When reading this episode, 
note that all practical circuits are 
shown designed around a standard 


from any DC supply within that op- 
amp’s operating range (allowing 
for possible differences in the ap- 


A= R21 


Pre Figure 1. 
Vou * AX Vin Inverting DC 
2, 7R1 amplifier mn 
offset-nulling 
EADS WERTT GAA facility and 
R3=RUR2 x10 voltage 


gain. 


with an overall voltage gain (A) of 
x10 (= 20d8), and with an offset 
nulling facility that enables the out- 
put to be set to precisely zero with 
zero applied input. The voltage 
gain and input impedance are 
determined by the R1 and R2 val- 
ues, and can be altered to suit indi- 
vidual needs. The gain can be 


| The Pocket Programmer | 


made variable — if required — by 
using a series combination of a 
fixed and a variable resistor in 
place of R2. For optimum biasing 
stability, R3 should have a value 
equal to the parallel values of R1 
and R2. 


amp’s offset biasing networks). 


INVERTING AMPLIFIER 
CIRCUITS 


Figure 1 shows the practical 
drcuit of an inverting DC amplifier 
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Figure 2. inverting AC 
amplifier with x10 gain. 


Note that the Figure ? circuit 
will continue to function if the RV1 
offset-nulling network is removed, 
but its output may offset by an 
amount equal to the op-amp’s 
input offset voltage (typically 7mV 
in a 741) multiplied by the closed- 
loop voltage gain (A) of the circuit, 
e.g., if the circuit has a gain of 
x100, the output may be offset by 
100mV with zero input applied. 

Also nate that the circuit's 
bandwidth equals the f; value (typ- 
ically 1MHz in a 741) divided by 
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the ‘A’ value, e.g., the Figure 1 cir 
cuit gives a bandwidth of 100kHz 
with a gain of x10, or 10kHz with 
a gain of x100. 

The Figure 7 circuit can be 
adapted for use as an AC amplifier 
by simply wiring a blocking capaci- 
tor in series with the input termi- 
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nal, as shown in Figure 2. Note in 
this case that no offset nulling 
facility is needed, and that (for 
optimum biasing) R3 is given a 
value equal to R2. 


NON-INVERTING 
AMPLIFIER CIRCUITS 


An op-amp can be used as a 
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Figure 5. 
Non-inverting x10 
AC amplifier with 

100k input 
impedance. 
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Figure 4. Non-inverting Figure 3. Nor-inverting DC 
variable gain (x1 to x101) amplifier with offset-nulling 
DC amplifier. facility and x10 gain. 


Figure &. AC 
voltage follower 
with 100k input 

impedance. 
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non-inverting DC amplifier with off- | R2 are isolated from ground te Reource) 
set compensation by using the con- | via blacking capacitor C2, 
nections shown in Figure 3, which which has negligible imped- 
shows an x10 amplifier. The valt- ance at practical operating 
age gain is determined by the frequencies; the voltage gain Figure 7. Precision DC Figure 6. Non-inverting x10 
ratios of R1 and R2, as indicated. If is thus determined by the voltage follower with offset AC amplifier with 50M input 
R1 is given a value of zero, the tatios of R1 and R2, but the null facility. impedance. 
gain falls to unity; alternatively, if op-amp’s inverting terminal is 
R2 is given a value of zero, the subjected to virtually 100% DC give a very high input impedance this ‘bootstrap’ action. 
gain equals the open-loap gain of negative feedback, thus giving the {typically 50 megohms). In practice, the circuit's input 
the op-amp. The gain can thus be circuit excellent DC stability. For Here, the positions of C2 and impedance is typically limited to 
made variable by replacing R1 with optimum biasing, R3 should have R2 are transposed, and the low about 50 megohms by !eakage 
4 pot and connecting its slider to the same value as R1. end of R3 is tied to the C2-R2 junc- impedances of the op-amp’s socket 
the inverting terminal of the op- Note that the input impedance tion. As a consequence, near-iden- and the PCB to which it is wired. 
amp, as shown in the circuit in of the Figure 5 circuit equals the tical operating (AC) signal voltages Note that — for optimum DC bias- 
Figure 4, in which the gain can be R3 value, and is limited to a few appear at both ends of R3, which ing — the sum of the R2 and R3 
varied over the range x1 to 101 megohms by practical considera- thus passes negligible signal cur- values should equal R1. In practice, 
via RV2. tions. Figure 6 shows how the rent and has an apparent imped- the R3 value can differ from this 

Note that — for carrect opera- basic circuit can be modified to ance that is massively increased by idea! by up to 30%, and an actual 


tion — the input (non-inverting) ter- 
minal of each of these circuits 
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guard ring, or 500M with the 
guard ting. 


Figure 12. Unity-gain inverting DC adder. 


value of 100k can be used in the 
Figure 6 circui, if desired. 


VOLTAGE FOLLOWER 
CIRCUITS 


A voltage follawer circuit pro- 
duces an output voltage that is 
identical to that of the input signal 
but has a very high input imped- 
ance and a very low output imped- 


ra AVAL Ter 


Laser Window Bounce Listener 


Pomertdicterng sytem yot earpie noperston You +h 
a rencine end wk meatier re fected beam ath ous utra7 
Mnred cpicsim=ceer Veriton: ontie wrdow bum 


2 now testy heart Range canbe we) 


WBS Flore (273 Lover Wendie Bounce Syuames 
EWEEK 1G of 100 Comptes for Soence Proet 
LARA Loe Cost Cec Rees ow Ke 

LU8 Read, Ucn Above Oca Recereet_ 

LLRAD Higher Peetercmom of Above Rece: rer! puss. 
LANG SOP SV satin Pind era Lacan List a be 1007 
CWLIO 10 pew Clacat 8 ee ae 


Pain Field Pistol 
‘Caution! Da nat ann at peagtet 
Blast cu rodents wen 


PEPIN Ha Pons 
PPP Y8 Fa mty (9 Use. 


Anti Gravity 


Fi-atanc pee ves 


Bera saia 


Figure 9. AC voltage follower with 
SOM input impedance without the 


I Jacob's Ladder 
AUT ote empavtsty over £ 
ond rows up the Jaccts 
Ladies eaporaingmn space 
+ Adjustable arc control 
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220n 


ca 
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ance. The circuit actu- 
ally functions as a unity-gain non- 
inverting amplifier with 100% neg- 
ative feedback. Figure 7 shows the 
idealized design of a precision volt- 
age follower with offset biasing. 
Note that — for optimum biasing — 
feedback resistor R1 should have a 
value equal to the source resist- 
ance of the input signal. 

In practice, the basic Figure 7 
circuit can often be greatly simpli- 
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Figure 13. 
Unity-gain 
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fied. Eliminating the offset biasing 
network, for example, adds an 
error of only a few mV to the out- 
put of the op-amp. Again, the 
value of feedback resistor R1 can 
be varied from zero to 100k with- 
out greatly influencing the circuit's 
accuracy. 

If an op-amp with a low f; 
value (such as the 741) is used, the 
R1 value can usually be reduced to 
zero. Note, however, that many 
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vaitage follower with boasted 


‘high f;' op-amps tend 
towards instability when 
used in the unity-gain mode 
and, in such cases, R1 
should be given a value of 
1kO or greater to effectively 
reduce the circuit's band- 
width and thus enhance 
Stability. 

Figure 8 shows an AC 
version of the voltage fol- 
lower. In this case, the 
input signal is DC-blacked 
via C1, and the op-amp’s 
noninverting terminal is 
tied to ground via R1, 
which determined the cir- 
cuit's input impedance. Ideally, 
feedback resistor R2 should have 
the same value as R1. If R2 has a 
high value, however, it may signifi- 
cantly reduce the cireuit’s band- 
width, This problem can be over- 
come by shunting R2 with C2, as 
shown dotted. |f the latter tech- 
nique is used with a ‘high f,' op- 
amp, resistor R3 can be connected 
as shown to ensure circuit stability 

If a very high input impedance 
is required from an AC voltage fol- 
lower, it can be obtained by using 
the basic configuration shown In 
Figure 9, in which R11 is ‘boot- 
strapped’ from the op-amp output 
via C2, thus raising its impedance 
to near-infinity. in practice, this cit- 
cuit can easily give an input imped 
ance of SQ megohms from a 741 
op-amp; this limit being set by the 
leakage impedance of the op- 
amp’s iC socket and the PCB 

If an even greater input imped- 
ance is needed, the area of PCB 
surrounding the op-amp input pin 
should be provided with a printed 
“guard ring’ that is driven from the 
op-amp output, as shown, so that 
the leakage impedances of the 
PCB, etc., are themselves boot- 
strapped and raised to near-infinite 
values. In this case, the Figure 9 
circuit gives an input impedance of 
about 500 megahms when used 
with a 741 op-amp, or even 
greater if an FET-input op-amp is 
used. 


CURRENT-BOOSTED 
‘FOLLOWER’ CIRCUITS 


Most op-amps can provide 
maximum output currents of only 
a few milliamps, and this is the cur- 
rent-driving limit of the voltage fol- 
lower circuits in Figures 7 to 9. The 
current-driving capacity of a volt- 
age follower can easily be 
increased, however, by wiring a 
simple or a complementary emitter 
follower current booster stage 
between the op-amp output and 
the final output terminal of the cir- 
cuit, as shown in the basic designs 


in Figures 10 and 717. Note that 
the base-emitter junctions of the 
transistors are wired into the nega- 
tive feedback loop of the op-amp, 
to minimize the effects of junction 
non-linearity. 

The Figure 10 circuit is able to 
source large currents (via Q1), but 
can sink only relatively small ones 
(via R1). This circuit can thus be 
regarded as a unidirectional, posi- 
tive-only, DC valtage follower. 

The Figure ff circuit can both 
souree (via Q1) and sink (via Q2) 
large oulput currents, and can be 
regarded as a bidirectional 
(positive and negative) volt- 
age follower. In the simple 
form shown in the diagram, 
the circuit produces signifi 
cant cross-over distortion as 
the output moves around the 
zero volts value. This distor- 
tion can be eliminated by 
suitably biasing Q1 and Q2 

In practice, the Figure 10 
and 77 circuits have maxi- 
mum current-drive capacities 
af about SOMA. this figure 
being dictated by the low 
power ratings of the speci- 
fied transistors. Greater drive 
capacity can be obtained by 
using alternative transistors 


ADDERS AND 
SUBTRACTORS 


Figure 12 shows the cur- 
cuit of a unity-gain analog 
DC voltage adder, which 
gives an inverted output voltage 
equal to the sum of the three input 
voltages. input resistors R1 to R3 
and feedback resistor R4 have 
identical values, so the circuit acts 
as a unity-gain inverting DC amplifi- 
er between each input terminal 
and the output. The current flow- 
ing in R4 1s equal to the sum of 
the R1 to R3 currents, and the 
inverted output voltage is thus 
equal to the sum of the input volt- 
ages. In high-precision applications, 
the circuit can be provided with an 
offset nulling facility 

The Figure 12 circuit is shown 
with three input connections, but 
can, in fact, be given any number 
of inputs (each with a value equal 
to R1), but in this case, the RS 
value should (for optimum biasing) 
be altered to equal the parallel val- 
ues of all other resistors. |f 
required, the circuit can be made 
to give a voltage gain greater than 
unity by simply increasing the value 
of feedback resistor R4. The circuit 
can be used as a multtinput ‘audio 
mixer’ by AC-coupling the input 
signals and giving R5 the same 
value as the feedback resistor, as 
shown in the four-input circuit in 


Figure 13. 


Figure 14, Unity-gain DC differential 
amplifier, or subtractor. 


Figure 17. 
Unity-gain 
2nd-order 
10kHz 
low-pass 
active 
filter. 


i = BdBv/actave 
x8 >— requency-———— 
Low-pass filers 


Figure 18. 
“Equal 
components’ 
version of 
2nd-order 
10kHz 
low-pass 
active filter. 


x8 frequency 
High-pass fitters () 


Figure 16. Circuit and response curves of 
simple 1st-order R-C filters. 


a unity-gain DC 
differential ampli- 
| fier, or analog subtractor, in which 


between the two input signal volt- 
ages, i.e., equals e2 - @). In this 

type of circuit, the component val- 
ues are chosen such that R1/R2 = 


Figure 14 shows the circuit of the output equals the difference 
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nail 


Figure 20. Unity-gain 2nd-order 


100Hz high-pass filter. 


R3/R4, in which case, the voltage 
gain, A, equals R2/R1. When — in 
Figure 14 — R1 and R2 have equal 
values, the circuit gives unity overall 
gain, and thus acts as an analog 
subtractor. 


BALANCED 
PHASE-SPLITTER 


A phase-splitter has a pair of 
output terminals, which produce 
outputs that are identical in ampli- 
tude and form, but with one out- 
put phase-shifted by 180° {i.e., 
inverted) relative to the other. 
Figure 15 shows an easy way of 
making a unity-gain balanced DC 
phase-splitter, using a pair of 741 
Op-amps. 

Here, 1C1 acts as a unity-gain 
non-inverting amplifier or voltage 
fallower, and provides a buffered 
output signal that is identical to 
that of the input. 

This output also provides the 
input drive to 1C2, which acts as a 
unity-gain inverting amplifier, and 
provides the second output, which 

is inverted but is otherwise identi- 
cal to the original input signal. 


ACTIVE FILTERS 


Filter circuits are used to reject 
unwanted frequencies and pass 
only those wanted by the designer. 
A simple R-C low-pass filter (Figure 
16/a)) passes low-frequency sig- 
nals, but rejects high-frequency 
ones. 

The autput falls by 3dB ata 
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Figure 21. ‘Equal 
components’ version of 


Figure 23. 300Hz to 3.4kHz speech filter with 
2nd-arder response. 


2nd-order 100Hz high-pass filter. 


‘break’ or ‘cross-over’ frequency 
(f) of 1/2mRC), and then falls at a 
rate of 6dB/actave (= 20dB/ 
decade) as the frequency is 
increased (see Figure 16(b)). Thus, 
a simple 1kHz filter gives roughly 
12qB of rejection to a 4kHz signal, 
and 20dB to a 10kHz one. 

A simple 8-C high-pass filter 
(Figure 16(c)) passes high-frequen- 
cy signals, but rejects low-frequen- 
cy ones. The output is 3dB down 
at a break frequency of 1/2nRC), 
and then falls at a 6dB/octave rate 
as the frequency is decreased 
below this value (Figure 16(d)) 
Thus, a simple 1kHz filter gives 
roughly 12dB of rejection to a 
250Hz signal, or 20dB to a 100Hz 
signal. 

Each of the above two filter 
circuits uses a single R-C stage, and 
is known as a ‘1st order’ filter. If a 
number (n) of similar filters are 
effectively cascaded, the resulting 
circuit is known as an ‘nth order’ 
filter and has an output slope, 
beyond fc, of (n x 6dB)/octave. 

Thus, a 4th order 1kHz low- 
pass filter has a slope of 
24dB/octave, and gives 48dB of 
rejection to a 4kHz signal, and 
80dB to a 10kHz signal. 

One way of effectively cascad- 
ing such filters is to wire them into 
the feedback networks of suitable 
op-amp amplifiers; such circuits are 
known as ‘active filters,’ and 
Figures 17 to 23 show practical 
examples of some of them. 


ACTIVE FILTER CIRCUITS 


Figure 17 shaws the practical 
circuit and formula of a maximally- 
flat (Butterworth) unity-gain 2nd- 
order low-pass filter with a 10kHz 
break frequency. Its output falls off 
ata 12dB/octave rate beyond 
10kHz, and is about 40dB down at 
100kHz, and so on. To change the 
break frequency, simply change 
either the R or the C value in pro- 
portion to the frequency ratio rela- 
tive to Figure 17; reduce the values 
by this ratio to increase the fre- 
quency, or increase them to reduce 
it. Thus, for 4kHz operation, 
increase the R values by a ratio of 
10kHz/4kHz, or 2.5 times. 

A minor snag with the Figure 

17 circuit is that one of its C values 
must be twice the value of the 
other, and this may demand odd 
component values. Figure 18 
shows an alternative 2nd-order 
10kHz low-pass filter circuit that 
overcomes this snag and uses 
equal component values. Note 
here that the op-amp is designed 
to give a voltage gain (4.1d8 in this 
case) via R1 and R2, which must 
have the values shown, 

Figure 19 shows how two of 
these ‘equal component’ filters can 
be cascaded to make a 4th-order 
low-pass filter with a slope of 
24dB/octave. Note in this case that 
gain-determining resistors R1/R2 
have a ratio of 6.644, and R3/R4 
have a satio of 0,805, giving an 


overall voltage gain of 8.3d8. The 
odd values of R2 and R4 can be 
made up by series-connecting 5% 
resistors. : 

Figures 20 and 27 show unity- 
gain and ‘equal component’ ver- 
sions respectively of 2nd-order 
100Hz high-pass filters, and Figure 
22 shows a 4thorder 100H2 high- 
pass filter, The operating frequen- 
cies of these circuits, and those of 
Figures 18 and 19, can be altered 
in exactly the same way as in 
Figure 17, i.e., by increasing the R 
or C values to reduce the break fre- 
quency, or vice versa. 

Finally, ta complete this install- 
ment of the series, Figure 23 
shows how the Figure 27 high-pass 
and Figure 18 low-pass filters can 
be wired in series to make (with 
suitable component value changes) 
a 300Hz to 3.4kHz speech filter 
that gives 12dB/octave rejection to 
all signals outside of this range. in 
the case of the high-pass filter, the 
C values in Figure 21 are reduced 
by a factor of three, to raise the 
break frequency from 100Hz to 
300Hz and, in the case of the low- 
pass filter, the R values in Figure 18 
are increased by a factor of 2.94, 
to reduce the break frequency 
from 10kHz to 3.4kHz. NV 


Next month, Ray covers 
practical op-amp oscilla- 
tors and switching circuits 
in the third installment of 
this four-part series. 
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958 N. Main St. 
Mansheld 76063 
Tonner Electronies 
1301 W. Beltine #105 
Careitan 78004 
Tower Records 
2403 Guadalupe st. 
Austin 78705 


VIRGINIA 

Tower Records/Video 
6200 Lite River Tumpike 
Alexandria 22312 


AIG W. Ox Rd. 012124 
Faittax 22033 


1601 Willow Lawn Dr. 
Riermond 23230 


8389 E. Leesburg Pike 
Vienna 22182 


WASHINGTON 

A-B-C Communications, Inc. 
17841 15th Ave. NE. 

Seatila 98155 

Supertronix 

16550 W. Valley Hwy 

Seattle 98183 

Towet Books 

10635 N.E. Bth St. 

Bellavue 98004 


20 Mercer st. 
Seatiie 7a109 


WISCONSIN 
Amateur Electronic 
Supply. Inc. 

5710 W. Good Hopa Rd. 
Miwaukee 53223 


WYOMING 
Westam Test Systems 
2701 Westiand Ct +B 
Cheyenne 82001 
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Don't forget to check out the new 

Gnline electronics forums at the 

Nots & Volts website. There are 

currently boards for 

discussing Robotics. 

Microcontrollers. 

Radio. Computers. 

CNC. and a General 

forum for discussing any 

electronic topic at all. 

We'll even add 

new — dedicated 

boards for hot topics. Just fet us 
know! 

Want to get a iump on things 
before the magazine arrives? The 
Tech Forum questions are posted on 
our website on or before the first of 
each month. Unanswered questions 
from recent issues are there also. 


QUESTIONS 


My friend bought an older 
motel. The front desk switchboard 
far the room's telephones is an 
aging model with litle or no tech 
support. 

ts there a way we can use a 
desk phone, small laptop computer. 
and some kind of interface box as a 
substitute for the old console to con- 
tol the six phane lines that enter the 
motel? 

There are dedicated switch- 
boards on the market, but at 
$25.000.00 a copy. some cheaper 
method needs to be found! 

The software needs ta switch 
Calls between rooms and scan for an 
open line for outgoing calls. 

6011 Gordon McKittrick 
Havre, MT 


Does someone have a schemat- 

i¢ and information on how to build a 
logic clip? 

| am hoping to be able to run tt 

off of a rechargeable battery, and be 

able to plug it in and run it. and 

automatically recharge the battery at 

the same time. 

8012 Jason Ragers 

Paducah, KV 


What is the wiring diagram for a 


Answers 


TECH FORUM 


This is a READER TO READER Column. All questions AND answers will be provided by Nuts & Volts readers and are intended to promote the e 
ideas and provide assistance for solving problems of a technical nature. All questions submitted are subject to editing and will be published on a pel 
able basis if deemed suitable to the publisher. All answers are submitted by readers and NO GUARANTEES WHATSOEVER are made by the publisher A? 
implementation of any answer printed in this column may require varying degrees of technical experience and should only be attemptcd by qualified in 

viduals. AWways use common sense and good judgement! 


Send all material to Nuts & Volts Magazine, 430 Pranceland Coun, Corona, CA 


92879, OR fax to (909) 371-3052, OR 


mixed up? Would it only affect the 

order or would it cause damage? 

8013 Ramon Eller 
Pittsburgh, PA 


| found a page on Alta, Yahoo, 
or Sympatico and it told of an 
American university student with a 
lifelong love of electronics who 
invented a new way of sampling TY 
images to allow recombining them 
So as to get 3DTV. He applied for a 
provisional patent. was wnitten up in 
some magazines, and has his proto- 
type unit in the basement of his uni- 
versity. 

| do not remember anything but 
these general facts. Can anyone 
help? 
8014 Tom Mooney 
via Internet 


About !0 years ago. | remember 
there being a short craze on water- 
powered watches. I'm not sure what 
Principle these worked on [I'm 
guessing certain electrodes pick up 
free electrons). but | would be inter- 
ested in using it for my own projects. 

Any information about this tech- 
nology would be much appreciated. 
Perhaps someone remembers what 
company made the watches and 
haw to get in touch with them. 
e018 Greville J. Kirk 

via Internet 


Is there any way I can power a 
device already connected to the 
phone line (providing an audio sig- 
nal), but also drawing power {4 
VDC-40uUA) directly from the phone 
line? A diagram would be greatly 
appreciated. 
€016 Dan Ghergher 

via Internet 


1 do electronic board repair for a 
textile mill. A young man whose 
father used to work with me came 
to me with a problem. 

He overioaded the sterea with 
speakers and as soon as the power 
button is pressed. it shows protect, 
and 24 hours later when powered 
up. it goes through a display. | have 
used the buttons to clear the mema- 


ry Several times with no results. 

I'm no TV or stereo repair man, 
but this kid believes in me. Sharp 
Says take it lo a repair shop. They 


ceiling fan wath a four-position pull 
chain switch foff. high. medium, 
low]? What would happen if the 
wares for the speed changes were 
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quate $50-$250, but this kid doesn’t 
have that kind of money. 

| wish someone would tell me 
how to correct this problem. | would 
sure like to help this kid and | would 
appreciate someone coming to our 
rescue. (ve been with Nuts & Volts 
for about 20 years and have seen it 
come a long way. |'m selftaught in 
electronics and try hard, but | know 
my limits. 
8017 Terry Crowe 
Woodruff, SC 


ANSWERS 


ANSWERS TO #7012 - JULY 2001 

i have a PIC programmer, an 
Epic Plus from micraEngineering 
Labs that's attached to my comput 
er's LPT] port When the machine 
boots up, the BIOS sends data to the 
base address (presumably as a test 
to see if the port is really there] 

The bits turn on my program 
mer in the worst way: The drivers 
are enabled and, if | forget to unplug 
the "wall-wart" supply, the regulators 
get very hot after awhile. | want to 
turn off the programmer aulomatr 
cally. 

| need a way to write $0C to the 
base address ($0378) at bootup. | 
tried sending our the data using the 
ECHO command in the 
Autoexec.bat file, but because the 
programmer does not respond with 
the ACK bit, ail | get is a Write Fault 
Error for LPT1. There's no intelligence 
on this programmer at all; it just sits 
there and does its thing. 

Shor of writing a BASIC pro- 
gram and compiling it into .exe 
code, | don't know how to send $0C 
to the base address. Any ideas? 


#1 You don't need to wnite and 
compile a Basic program into a clum- 
sy EXE file. The simplest way to send 
a byfe to a port is with an eignt-byte 
.COM file containing the following: 
BA 78 03 BO OC EE CD 20. 

This corresponds to the follow- 
ing assembly code: 


MOV DX.$0378 ; Load pon 
address. 

MOV ALSOC ; Load output 
byte. 
OUT DXAL ; Output the byte. 


xchange of 
space avait 


NISWER INFO 

* Include the question number that 
appears directly Below the question you 
are responding lo. 
5 Pencracot $25.00 will be sent if 
your answer 1s printed. Be surc to 
include your mailing address if respond: 
ing by E-Mail or we can not send pay 
ment 
* Your name, city, and state, will be 
pnnted in the magazine. unless you 
notify us otherwise. If you want your 
email address panied also, indicate to 


ffect. 

ae ‘he question number and 2 snort 
summary of the onginal question will 
be printed above the answer. 

= Unanswered questions from 4 past 
issue may still be responded to 

= Comments regarding answers 
printed in this column may be printed in 
the Reader Feedback section if space 
allows. 


QUESTION INFQ 
TO BE CONSIDERED 
All questions should relate to one oF 
more of the following: 


4) Circuit Design) Problem Solving 
2) Electonic Theory4) Other Similar 
Topics 


INFORMATION/RESTRICTIONS 

* No questions will be accepted 
that offer equipment for sale or 
equipment wanted to buy. 

* Selected questions will be printed 
one time on a space available basis. 
« Questions may be subject to edit- 


ing. 


HELPFUL HINTS 

* Be brief but include all pertinent 
information, If no one knows what 
you're asking, you won't get any 
fesponse (and we probably won't 
print ic either). 

* Write legibly {or type). If we can't 
read it, we'll throw it away. 

* Include your Name, Adcress, 
Phone Number. and email. Only 
your name, city, and state will be 
published with the question, but we 
may need to contact you. 


INT $20 : End the program. 


You can create the eight-byte 
COM file with Debug or with a sim- 
ple Basic program. Here's a short 
Basic program to create the file: 


OPEN "INITPIC.COM" FOR OUT- 
PUT AS #1 


FORI=1to8 
READ B 

PRINT # 1.CHRS(B): 
NEXT 


ANSWERS TO #7013 - JULY 2004 


1 am trying to repair a quitar amplifier by 
Gorilla Musical and need to find a company that 
catties the TDA2030 amp circuit and has a rea 
sonal minimat order. Or. is there a substitute part? 


#1 The TDA2030 is a chip designed in the 
80s which found very widespread use in TVs, car 
stereo, and small musical instrument amplifiers of 
several brands. 

It is an AF power amp wth differential input, 
delivering 12-14 waits into a 4-ohm load, and 6-8 
watts into an 8-ohm load. 

If using a split power supply, a direct coupled 
circuit is passible. Some devices use two chips — in 
a bridge arrangement — for higher power. If the 
device has a single-ended power supply, the out- 
put will usually be coupled through an electrolytic 
capacitor, running in value from 500 uF to 2200 
uF. 

This should be commonly available from most 
any parts distributor. it crosses to ECG (NTE) 1380 

Many failures of this chip early on were due to 
poor application of heat-sink grease when the end 
device was manufactured. Most failures | have 
seen in musical instrument applications have 
resulted from too low a load impedance {the result 


of the musician bridging more speakers across the 
one in the amplifier cabinet). 

Remember, keep your total speaker imped- 
ance atleast 4 ohms. If your amp uses two of these 
In a bridge arrangement, you'd best replace both 
of them. If your amp uses a single ended supply. 
I'd at least check the output coupling capacitor {if 
there's any age on the unit I'd go ahead and 
replace the capacitor while performing the chip 
replacement. 

Phil Shewmaker 
Louisville, KY 


#2 The TDA2030 integrated amplifier can be 
directly replaced with ECG1380 or NTE1 3&0. 

One of the major distributors that should carry 
this part is Mouser Electronics. They do not require 
a minimum order and can be reached toll-free at 
1-800-346-6873 when placing an order. 

Glen Thome 
Elyria, GH 


#3 =A quick Yahoo search turned up Audio 
Lab of Georgia www.datadar.com/ or phone 
770 455.0571, fax 770 458 5727. The good 
news is they want all of $1.75 for the TDA2030. 
The bad news is shipping is another $6.00. Still 


desperate times may call for desperate measures 
Tom Tillander 
Bay Village, OH 


#4 You can find the TDA2030 at MCM 
Electronics (1-800-543-4330), for $211. plus a 
small order service charge of $2.95. A substtute 
part is NTE 1380 which you may find at a local 
electronics store. 

Haim Sandel 
Phoenix, AZ 


#5 The TDA2030 is available from 
RadioShack.com as part number 901-0395, for 
$14.98 for one. The same part is avattable from 
any dealer in NTE/ECG parts as number 1380. 

Russell Kincaid 
Milford, NH 


#G Partsexress.com 1-800-338-0531, and 
mcmelectronics.com 1-800-543-4330. both have 
the IC TDA2030 for $2.06. 

| am working on an audio Centron amp that 
needs the same IC. (| think some Peavey amps use 
this IC, too} 

Jon Garee 


Newark, OH 


CLOSE 
DATA &HBA,&H78,&HO3, HBO 
DATA &HOC,&HEE.&HCD,&H20 


Some versions of Basic will cre- 
ate a nine-byte file with an extra $iA 
at the end, but the extra byte will do 
no harm Simply invoke the file 
from AUTOEXEC.BAT and you're in 
business 

John J. Herro 
Palm Bay, FL 


#2 Unfortunately, you can't run 
a command in the auicexec.bat file 
to solve the problem The autoex- 
ec.bat file runs before Windows is 
done loading and Windows will like 
ly write a value to the printer port 
before it is done. {It did so on my 
computer.} 

But there is goad newsl A batch 
file in the StartUp folder and a nan- 
compiled two command Obasic pro- 
gram will do the tick. Follow these 
steps. 


1, Get a copy of Qbasic.exe and 
copy it to your root directary. (C\) 
Qbasic was included with DOS 5. 
You probably still have it. Copy qba- 
sic.hlp to C:\ too for your reference. 

2. Start Qbasic and type these 
commands: OUT &H378,&HOC 
SYSTEM 

3. Save this file as C:\fix_port.bas 

4, Quit Qbasic. 

S. Open Notepad. 

6. Type this command: 

CAqbasic.exe /run fix_portbas 

7. Save this file as C\fix_itbat 

8. Use Windows Explorer to 
copy fix_i.bat to C\Windows\Star 
Menu\Programs\StarntUp 

9, Right click on the copy of 
fix_itbat that you just moved. Select 
"Properties." Select the "Program" 


tab. Click the “Close on exit" to place 
a check mark there. 


Now when you start your com 
puter, the batch file will run from the 
StanUp folder and write "OC" to 
"378." This should solve the problem. 
Qbasic will close, the batch file will 
close and the DOS window will 
close. You can manipulate the print- 
er port data bits anyway you want. 

Qbasic does not produce com 
filed programs. It is easy to use and 
quite a versatile tool for the hobbyist 
use a Qbasic program that | wrote 
and a simple interface in place of an 
oscillator to single step through 
some of my PIC projects. | use it as a 
debugging aid. 

deff Scholz 
Portland, OR 


#3 What you need is a small 
.com program that writes the byte 
QcH to the pom directly instead of 
through the BIOS. This com pro- 
gram can be created by using 
debug, if you have it loaded on your 
computer, using the script below. 

Type this into a text editor and 
save it as pure text with the filename 
"epicportscr." Make sure you include 
blank lines where shown: 


aloo 

mov dx,378 

mov al,Oc 

out dx,al 

int 20 

{leave this line blank, 

just type the enter key) 

n epicporccam 

rex 

8 

w 


q 


Then issue the following com 
mand at the DOS prompt: 


debug <epicport scr [ENTER] 


A file calted “epicport.com" will 
be feft in the current directory that 
will have the effect you need when 
tun, If you don't have debug on 
your computer, ! will email the pro- 
gram to you already assembled. 

William Cocke 
WRCocke@acl.com 

The file epicportcom has been 

placed on the Nuts & Volts FTP site. 


#4 One way to send Ox0C to 
port 0x378 is by invoking a .com file 
continging the following instruc- 
tions: 


mov al,0c 
mov dx,0378 
out dx.al 

int 20 


An easy way to create such a 
short program is using DEBUG. 

Type the following lines (each 
terminated by the enter key, starting 
from the DOS command prompt 
Each intra line whitespace is a single 
space character. The single embed- 
ded blank line is just that type the 
enter key an extra time to produce iL 
Ihave left out the prompts for clarity. 
You can actually cd to wherever you 
want, but if it's not in your path, 
you'll have to specity its path in 
autoexec.bat, where you invoke the 
program. Clearly you can choose a 
different name than xOctolpt if you 
So desire. 


cd\ 
debug 
aldo 


mov al,Oc 
mov dx,0378 
out dx,al 

int 20 


rc 

0008 
nxOctolpLcom 
w 


q 


The 8 placed in CX is the num 
ber of bytes to write. We know that 
because at the time that you typed 
the blank line, it was prompting for 
the instruction ta put at location 108, 
and we started at 100 [these are hex 
numbers). You now have a program 
named xOctolptcom that you can 
call from anywhere. Just for com 
pleteness, the hex bytes for this par- 
ticular program {the procedure 
applies to other ports and other val 
ues) are: 


BO, OC, BA, 78, 03, EE, CD, 20 
Or in decimal: 
176, 12, 186, 120, 3, 238, 205, 20 


Sadly, you can't use the "“capy 
con foo.cam" plus holding alt while 
typing the decimal for the character 
code trick, because the 03 is also 
controHC, and terminates the copy 
(at least it does in a DOS box under 
Windows-98], same for trying to 
echo the string redirected to a file. 
EDIT, NOTEPAD, and WOROPAD alt 
have some problems trying to create 
such a file, but DEBUG comes free 
with every version of DOS and 
Windows that I've ever seen. so why 
sweat it? 

Bill Freaman 
via Intarnet 
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Lose a house key lately? 
Do you fumble through a 
large ring of keys to unlock 


the basement door? 


One-Button 


Electronic 
security 


Lock 


by Tim Hamel 


This simple push-button 
security lock solves that 
problem — and more. 


embinatian locks ~ with 
their keyless operation — 
find widespread use in 
secured entry doors. No 
longer do persons with 
access to more than one locked 
door have to look like a security 
guard with multiple key rings. 

The electronic combination 
lock goes one better by replacing 
the mechanical twist dial with 
push buttons — plus their combi- 
nations can be changed effortless. 
ly should the code become com- 
promised. 

Despite these advantages, 
electronic combination lacks have 
not made a big impact on the 
security market because they are 
limited hy the very device that 
makes them desirable: the keypad. 
The keypad, an integral part of the 
system, is vulnerable to vandalism 
and tampering. Furthermore, it 
requires electrical power and multi- 
wire cannecting cables, which 
complicates the installation and 
increases overall cost. 

in this article, I'll show you 
how to make a single-button elec- 
tronic security lock that provides all 

the benefits of the keypad version 
— but without the keypad! 


Ding, Dong ... Doorbell 
Calling! 


That's right, no keypad needed. 
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A simple doorbell switch is used 
instead. 

The theory of operation is iden- 
tical to that of Morse Code commu- 
nications. By tapping aut a cade 
using short and long presses of the 
doorbell, we can create "passwords" 
that, when deciphered, can be used 
to unlack a door. 

For example, instead of enter- 
ing 1234 into a keypad to unlatch 
the door, the one-button lock lets us 
enter the phrase “open sesame" to 
open the door. Actually, the code 
doesn't have to be that verbose. A 


Figure 1. The One-Button 


simple string of eight or fewer dots 
and dashes is more than enough to 
make the system highly secure. 
Moreover, the doorbell button 
needs no power, making it absolute- 
ly tamperproof. 

And if that isn't enough to get 
your attention, the lock uses a mere 
handful of parts — the main compo- 
nent being a common PIC microcan- 
troller. Throw in a relay, a transistor, 
and a half-dozen passive devices 
and you have a one-button, fully 
programmable, electronic security 
lock (see Figure 1). 


Electronic Security Lock uses just 
a handful of parts, including a 


popular PIC 16F84 microcon- 


troller. 


[ DOORBELL | 4,5 


Wait! Don't Hang Up ... 
Read On! 


Don't turn the page because | 
said this is a PiC-based micracon- 
troller project. The original design 
didn't start out with 2 PIC in mind, 
it just evolved that way. 

I've seen a lot of really neat 
projects I'd like to build, only to dis- 
cover they are “computer” based — 
using proprietary cade and parts. So 
| feel your fear. 

But don't shy away. Even 
though | went to a PIC for the final 


MOCc3010 


solution, it ended up that way sim- 
ply because the PIC eliminates eight 
complex logic chips that | had to 
use in the original design The PIC 
not only reduces part count, it 
makes the circuit more reliable and 
leaves the design open to future 
improvements. 

The programming is easy, as 
you can see in Listing 1. lf you'd 
rather not transcribe the code from 
this listing, you can download the 
program from Nuts & Volts web site 
at www.nutsyolts.com under the 
file name PIC_LOCK.TXT. 

If neither appeals to you, a pro- 
grammed PIC is also available (see 
Parts List) for little more than the 
cost of the unprogrammed PIC 
itself. 

This is undoubtedly the hardest 
part of this project — deciding 


Figure 2. The brains of 
the circuit is a pulse- 
width separator, which 
sorts the dots from the 
dashes. 


PROGRAM PASSWORD 
PASSWORD MEMORY 


COMPARATOR 
UNLOCK 


COMMAND 


) 
PROGRAM \ 


PULSE-WIDTH 
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How It Works signal {dot) or a fonger one (dash). 


By using unique combinations of 
the two, the Morse Code can cre- 
ate any letter, word, or phrase. The 
signal can be a current through a 


original Western Union telegrams 
— or an audio tone, as is the case 
of wireless radio. If you're not 
familiar with Morse Code, it's the 
same “language” used by ships 


Like binary communications, 
Morse Code depends on two sim- 
ple “states of being." The two 


which option to choose. 


The software that controls the doorbell lock is 
actually quite simplc. Different sections in the code are 
named after their respective functions in the flow chart 
(Figure 1), which makes fallovsing the bouncing semi- 
colon (;programmirig comments) much easier. 

When the PIC first receives power, it jumps to the 
"Main" routine. In this routine, default security keys are 
Stored and the PIC ports are initialized to input/output 
The program then passes control to the “tstb" routine, 
which is just a constant loop that monitors the buttons 
(81 and S2) for activity ’ 

When it spots a key press, whether it be the “Press 
to Program” button or the doorbell, the switch is 


states ate either a short blast of 


debounced. As said earlier, mechanical switches don't 
svaiich from high to ground in one clean swoop. 
Instead, they bounce, which the PIC interprets as multi- 
ple presses. In order to cure this, the button presses are 
routed ta the “Dehounce" routine. Button bounce usual- 
ly doesn’t last more than 20m5 (1/50th of a second), 
so | wait for 20mS and check the button again. If, after 
20mS, the button is still at a logic law {zero volts), the 
PIC assumes it's a legit button press. 

Depending on vshich switch is pressed, the pro- 
gram enters one of two routines: one for programming 
a New pass.vord, ‘prgm,” and another for password 
check for entry, “cmp.” The neat step is to measure the 


relay — the method used for the 


when they send an SOS message 


cumeenemiee 
time of the doorbell button press to Ce: 
dot ara dash. This is the responsibility of the “tmi a 
tine. This 1outine checks the doarbell buttan every + 
20mS. If the button is still lovy, a counter isinclement 
ed, When the button is released, the input is pulled 
high (#5 volts) via a 10k resistor The "tmit” routine then: 
jumps to the ‘btfsc PORTA, 0° line. What this says 1s, 
“Bit Test File, Skip if Clear.” which — in our case — st 
would be a logic high and the next line "goto test” will 
be the next instruction. Had the button still been low, 
the "goto test" line would have been skipped a 
The program now goes to the “test’ routine, where 
everything starts all over. 


yrre-Security Doorbell-—=~ 

‘Author: Tim Hamel 

:Date: 12/20/00 

sBasic Operation: 

:Thls litte device will activate a relay when the correct 


gato 
return 


dly20a 


==—=Master-Key Programming Routine 


icod entered in a morse-code fashion. 
dl equ 13 prgm sf PORTB,O {Turn on LED 
d2 equ 16 biisc = PORTA] :‘Debounce the PGM switch 
a equ 17 goto tstb 
count equ 18 call dly20 
x equ 19 
key equ 20 iThe key we use btisc PORTA,t iFinishing up the debounce 
inp equ 2! ithe key the user entered goto tstb 
tmr equ 22 goto acode ilFin fact the PGM switch is pressed, 
z equ 24 senter programming made. 
mkent equ 23 
t equ 2 geode call dly20 idelay.... 
bulsc PORTA, 0 {Was the enter switch pressed? 
org 0 gato tstt 3No... 
goto main inef mkentf :Yes, increment counter 
reach increment = 20mS 
goto gcode ;Do it all over 
-===4mS Delay===——~=-= 
dly4 moviw Oxlc tstt movf = xw = 15, and 15x 20mS = 300mS 
movwf di subwi = mkent,w Simple compare routine 
Delay_00 btfsc STATUS, C if the Carry bit is clear, button < 300mS 
moviw Ox2e gato stone cif the bit is set, button > 300mS 
movwi d2 lf inp,f 
Delay_O1 goto wi5s 
decfsz d2.f 
gato Delay_Ot stone lf inp Store al 
decisz dl,f 
goto Delay _00 
wis moviw 5 wait 5 seconds for inactivity 
moviw 0x07 movwf Fr 
movwf dl 
Delay_10 wt3 moviw .250 ;4mS delay is called 250 times to = 18 
decfsz dl,f movwi tmnr 
goto Delay_10 
nop waita call dly4 
return btfse = PORTA,& 
joseeaeeesen+ eeensecen gota wait 
clrf mkent 
y===20mS Delay - Uses 4mS delay routine =———— goto gcade 
dly20 0 moviw 5 
movwf = tmr wait3  decfsz_ tmr,1 
dly20a_ call dly4 gato walt4 Continued next page 
decfsz tmr.i decfsz rl 
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(dot-dot-dot ... dash-dash-dash ... 
dot-dotdot). In binary format, this 
would be something like 
000111000. 

Okay. this encoded lock won't 
save a Titanic-class ship from sinking, 
but it does provide a security meas- 
ure that rivals other, more sophisti- 
cated methods, like RFID (radiofre- 
quency identification) cards. 

Each time you press the door- 
bell switch it grounds the input of 
the PIC chip (Figure 2). Like most 
mechanical switches, doorbell 
switches suffer "bouncing" of the 
contacts until they settle in place. 
Consequently, the push button is 
debounced to prevent false inputs. 

The pulse then goes to a pulse- 
width separator where the width 
of the pulse is measured. If the 
pulse width is less than 300 mS 
(about 1/3 secand), it's decoded as 

a dot; if it's greater than 300 mS, 
it's decoded as a dash. This value is 
stored in a latch register. The next 
doorbell press is then processed 
and stored in the latch register. 
And so it goes. 


After one second of doorbell 
inactivity, the PIC processor 
assumes the user has finished 
entesing the password and com- 
pares the value stored in the latch 
register to the password stored in 
the PIC's onboard memory. |f they 
are equal, solid-state relay 
MOC3010 is turned on for one sec- 
ond — but that one second is pro- 
grammable; you can stretch it to 
however long you want. If they 
aren't equal, the latch register is 
cleared and the system is reset. 

Pressing S2 places the PIC in 
the pragram mode, which allows 
you to enter a new password. As 
the new password is entered, it's 
processed by the pulse-width sepa- 
rator and clocked into the memory. 
lf there is no doorbell input for five 
seconds, the new password is 
locked into place and the system 
goes back to passward entry lock 
mode. 


Construction 


Construction of the PIC board 


| Semiconductors 


. 
R1, R2 — 10k 
R3 — 390 ohms 
C1, C2 — 22pF 
C3 — 10uF, 10V 


SPST, NO momentary push- 
button switch 

FW bridge, 50V @ 1A (for DC 
latch release only) 

Latch release (can adapt car 
doorlock solencid) 


MOC3010 optoisolator 
PIC 16F84 microcontroller 


Misc. 

51 — Doorbell switch 

$2 — SPST, NO momentary 
push-button switch 

XTAL1 — 4MHz crystal 
Enclosure 


A programmed PIC micracon- 
troller for the One-Button 
Electronic Security Lock is 
available from PIC Projex, 
1283 Fir Acres Dr., Eugene, 
OR 97401-1811. Price is 
$12.00, shipping and handling 


Power Supply Parts 
QVDC, 100 mA wallwart 
; 78L05 regulator 


0.33uF ceramic capacitor 
.0,iuF tantalum capacitor 

| 12VAC transformer (for latch 
| release) 


included (US and Canada), 
by check or money order. 
No cash please. 


‘Alter 5 seconds af no button presses, 


we can assume the user is done 
:staring the master-key 


goto wid 
movfw inp 
movwf key 
clrf inp 
bef PORTB.O 
goto tstb 


ye=>~Debounce Routine=—= 


dbne btisc PORTA, 0 
gota tstb 
call dly20 
btfsc = PORTA, 0 
gota tstb 
goto = tmit 


:=Pulselength imer=—= 
:Determines length of button press. 


Tum off LED and exit programming made. 


sTest PORTA, bit 0, fs it logic tow? 
iNo, line noise, retum to testing. 
iYes, delay for 20mS 


Nope, false press..crazy button 
Button held for > 20mS - it's valid 


:Time the button press length 


iTime button release pulseJength 
:Increment counter, again, 20mS 


‘Just waiting for a button press here 


iHere, we're testing to see if the 


;password program button is pressed 


Not gonna happen, default to security 


:This is the value that determines haw 


dong the pulse-Jength is. 


: 
tmit call dly20 
btisc PORTA, 0 
goto test 
incf count,f 
gota —tmit 
tstb lf count 
btisc PORTA, 0 
gato tsts 
gota dbne 
ists btfsc PORTA, 1 
gato tstb 
gato prqm 
nain 
moviw 26 
movwf key 
moviw .15 
mov x 
moviw 0 
TRIS PORTB 
elf PORTB 
moviw 3 
tris PORTA 
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;PORTB=Output 
‘Make PORTA inputs, where the switches are 


goto tstb 


;Same thing as up there “, determine the button press 
yputsedJength. I probably could've made this a “functian" 
yand just do a "call" instead of gato. 


test 


movf xwW 
subwf  countw 
bifse STATUS. C 
goto isone 
rf inp.f 
gato walt 
isone lf inp.f 
wait moviw .250 ;Wait 1S after the last button press, 
jif no presses, assume user is done 
movef tmr 
wait2 call dly4 
btise PORTA,O 
gato wait] 
goto tstb 
waitl decfsz  tmr.} 
goto wait2 
goto cmp 
emp movf inp, W The “Master” algorithm! All we do is 
compare the input to the key, if they're 
iequal, we tun an the LED (relay) 
xorwi = key, w 
busc = STATUS, Z 
goto bon Af they're equal, clear the input 
;register and turn on the LED. 
elif inp :If not, clear the input and start over... 
elrf count 
gato tstb 
(The rest just turns on the LED (or relay) 
ifor 1 sec. Then we go back to square one 
bon clrf inp 
bsf PORTB,O 
movlw .50 
movi 2 
bon] call dly20 
decfsz z,1 
goto bonl 
bef PORTB,O 
goto tstb 
end 


ACT PIC 
al fete re Lock 


iC 
LATCH 


Figure 5. This is how to wire the Security Lock to power 
an electrical door latch. The wallwart should be 
rated 9 volts at 100 mA. 


is a one-night project. 

Because there are few critical 
components in this design, it lends 
itself well to many construction 
methods. The only critical parts 
are the 4-MHz crystal and its asso- 
ciated caps, which have to be as 
close to the PIC chip as possible. 
While it’s nat the only answer, | 
built my lock using the printed cir- 
cuit board shown in Figure 3 

However, if you opt to use the 
lock with a line-operated load 
(110VAC), there is a risk of shock 
because the AC and DC are on 
the same board. Despite the isola- 
tion provided by the MOC3010 
optoisolator, both lethal AC and 
harmless DC voltages can reside 
within millimeters of each other 

Should you grasp the board 
while it's plugged into the wall 
helllooow! (Boy, talk about a 
wake up call!) Short of operating 
12- or 24-volt latches, you're going 
to run that risk. You will notice, 
though, that | have separated the 
two as far apart as possible. (See 
Parts Layout, Figure 4.) 

The schematic in Figure 5 
shows the safe way to wire low- 
voltage solenoids, using either AC 
or DC actuators. Surplus solenoids 
can be found at many mail order 
outlets, like All Electronics (800- 
826-5432; www_allelectronics 
com). Or go to a auto wrecking 
yard and buy a doorlock solenoid. 

The power requirements for 
the controller are very light and 
not critical. The circuit will work at 
voltages between 3 and 6 volts, 
and draws less than 2 mA at 5 
volts. 

This permits battery opera- 
tion; three AA-cell batteries will 
power the lock for about 90 
days. Or you can use a small 
wallwart transformer with an 
external voltage regulator (see 
Figure 5). Make sure you use a 
DC output wallwart, and not an 
AC wallwart 

Any suitable enclosure will 
work, and the one you select 
depends on your choice of the 
power supply and placement of 
§2, the password program switch. 
| used a smail plastic box with an 


external wallwart, 
them mounted $2 and 
a second $1 (parallel 
with the doorbell) on 
the frant panel of the 
box. 

This way, I don't 
have to run outside 
the door to reprogram 
the password. | also 
mounted the manual 
override switch on the 
front panel, so that | 
can let in visitors from 
control central 

The doorbell 


switch can be of any style that 
pleases you. Moreover, you don't 


Figure 3. A foil pattern of the Security Lock 
printed circuit board. Actual size is as specified. 


there are no keys or keycards tv 
lose or unlawfully duplicate. 


unused wires that may already be 
in place. 


have to buy twisted bell wire like 


that used with conventional door- 
bells. Leftover telephone wire 
works just as well, including 


Best of all, it's a very secur. 
lock and the project is easy to 
build — even for a beginner NV 


Safe And Secure 


That's all there is to it. Now 


Figure 4. Parts layout for the Security 
Lock. ! suggest using an 18-pin IC socket 
for the PIC chip, to allow for easy 
upgrades. 
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Simple Printed Cireuit Boards 
Using An Inkjet Printer 


by Kerry Barlow 


‘or many years, | have 

wanted to make my very 

own printed circuit 

boards. Many times, elec- 

tronic circuits in maga- 

zines either require a cir- 
cuit board to be used, or are toa 
complicated to wire wrap. 
Commonly, a printed circuit is 
already in the magazine article, haw- 
ever, how do you take the printed 
circuit from the magazine, and trans- 
fer it to a copper board? 

Many articles have been printed 
on some steps of this process, but 
critical steps may be missing or 
glossed aver. The majority of articles 
written use laser printers for the 
artwork. This is not necessary. Using 
the method outlined here, a person 
can use a common inkjet printer. or 
even an old ribbon printer — if it 
has sheet-feed capability — to print 
the artwork. 

Fancy heared acid tanks, expen- 
sive UV bulbs, expensive programs, 
and laser printers are not necessary 
for small quantities of boards. If you 
do make many boards, you may refer 
to the excellent heated etching tank 
article by Larry Ball in the April ‘98, 
Nuts & Volts. 

The first step is abviaus — you 
need an electronic circuit. This can 
be acquired from the magazine itself, 
or you will want to design your own 

board. If you use the circuit from the 
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magazine, you will have to scan the 
image into your computer using a 
standard flathed scanner.A page 
scanner cauld, of course, be used if 
you could tear the page out of the 
magazine and it fit properly into the 
page scanner. Whichever scanner you 
use, save the image in a standard 


graphic format The saved format is 
not critical, as it is only dependanc 
on the program you will use to print 
out to your printer. 

To design your own circuit, you 
may use any program you wish, how- 
ever, | use Express PCB, available for 
free download at 


OOOOSSOSOGSSS 
OOOOSCOSOSO . 
eoooocooees GF 


hetp//vww.expresspcb.com/. 
Express PCB was picked for its 
ease of use as che main criteria. | 
have tried many other circuit pro- 
grams and the complexity of them is 
averwhelming. When you only make 


68HC11 & 68HC12 


i irelmeyerovald mol) (lam revel ii t-1-1 


Unique design-- just plig them sight into your salderiess breadboard! 


MiceoStamplt” 


tiny Z-inch » 2.4-Inch ioe 1 module from $49 


MicroGore-11" 


compact 2-inch x 2-inch 6€HC11 module from $68 


kdapi-1T" Fami 


68HC21 modules with lots of 1/0 lines from $63 


ifepper mator driver 
vedee record / playback 
D/kaypad/PC keyboard 
Lapa acquisition « Dac 


Adapi812™ Family 


© based on 68HCB12A4 
a from $79 


Adagi912™ Family 


@cholce of 832, Dé60, 06128 
@ from $99 


Miceo6OM?12" 


= lowest-enst DM podl 
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Toll-free: 1-877-963-8996 
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At Lynxmotion we cater to the beginner. All of our kits are easy to assamble, requiring 
only common hand tools in tha construction process. The detailed assombly manuals 


Build Your Own Intelligent Robot... We Make it Easy! 


s 


include 2D and 3D axploded view diagrams. The kits can be controllad or programmad 


Lyaxmation, jac. a 
PO Box 818 oak 4 Fax; 309-982. 1254 
Pekin. IL 61555-0818 hy nxmotion sales@lynxmation com 


veww lyrxmotion.cam — Visit our websila or ask for our {reo 


in an easy to follow BASIC programming languaga. The technology is hare... he costs 
are affordable... the supportis available... joinin and become arobat builder! 


Tel: 309-382-1 


tech@lynxmotion.com 
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FIGURE 2 


two boards a year, you will look for- 
ward to simplicity. Express PCB has 
no fancy layout or auto-raucers; you 
must lay the tracks by hand on 
screen. 

This is not as difficult as it may 
seem, Figure | shows a single-sided 
circuit with four ICs, RS232 jacks, 
switches, and dozens of support 
components all in a 3" x 4" form 
size. If you are not picky about looks 
or overall size of your circuit, you do 
not even have to get fancy with fic- 
ting many components Into a small 
size. 

It is mot my intention co go into 
detail on using Express PCB, howev- 
er.| wish to point out some easily 
made mistakes when designing a cir- 
cuit. For further reading on Express 
PCB, refer to the June “98 Nuts & 
Volts article by David Schneider and 
Stanley Reifel 

Express PCB has a very good 


"Tips for Making PC Boards” page 
on their website. Some of my hints 
differ from theirs in marginal ways 
only. 

The first step when you begin to 
design your circuit using Express 
PCB is to set your board size. If you 
do not set a basic board size and 
end up having co shift components, 
you may run into a board 
edge that you cannot 
move. 

In Express PCB, you 
may drag all of the board 
corners to size except for 
the upper left corner. This 
is locked into position. Go 
to the VIEW command, 
select OPTIONS, and 
then be sure "show grid” 
is curned on,and the grid 
is set for .1" spacing; also 
set your “snap ta” grid 
spacing to .05". Many elec- 
trical camponents are 
based on .|" spacing. 


For now, you may 
use the default colors 
that Express PCB picks. 
You will notice as you 
drag your mouse over 
the screen, in the lower 
status bar it will show 
you an inch measure- 
ment relating to where 
you are an the circuit 
board, You can use this 
fo set a board size to 
3"x 4" or whatever size 
you wish. 

For signal traces, use 
a size of .012" for low 
power traces, and use a 
size of 025" for higher 
power traces. Do not 
use traces smaller than 
.012"; you will begin to 
have problems when 
etching the boards if you 
use the very small 
traces. 

Place all of your ICs 
first on the board, lining 
them up so that the #1 
pins are all facing the same direction. 
Leave 4" space on the left of your 
first IC, between the IC and the 
board edge. This will give you some 
room to route traces along the edge. 
You can leave as much room as you 
wish on the left; you can always cut 
off the left side of the board or, of 
course, not even develop the left 


section of the board when you are 
finished. 

Now begin routing the traces 
between the ICs as required. A pitfall 
here is that you must be sure you 
are laying aif of your traces on the 
same side of the board if you are 
making a single layer board. Express 
PCB uses a green default color for 
the bortom layer and red for the top 
layer, If you are making a two-layer 
board, you will know to lay traces as 
appropriate. 

For pad sizes, use .065 round 
hole sizes if you are placing chem 
manually. Express PCB has many 
built-in components, but sometimes 
you just need to place your own 
pads, Don’t forget if you are making 
a single layer board, items are 
reversed, you are designing the cop- 
per of the board; try to think of your 
component as being laid on the 
monitor screen with its pins project- 
ing inside the monitor. 

It has been said in some articles 
not to use Square comers on your 
traces. This is good practice, howev- 
er, | have used square corners and 
hava never seen a problem after 
ecching. Refer co Figure | to see a 
circuit designed by hand with both 
square and diagonal comers. Notice 
the narrow traces for signal paths 
and the wider traces for ground and 


Fast- Programs 27€010 in 23 seconds 
Portabfe - Connects to PC Parallel Port 
Versatile -Programs 2716-080 plus EE 
and flash (28, 28) fo 32 pins 
Inexpensive - Best for less than $200 


@ Correct implementation of manufacturer 
Specified algorithms for fast, reliable 
programming. 


@ Easy ta use menu based software has 
binaty editor, read, verity, copy, etc. 
Free updates via bbs of web 


@ Full over current detection on all 
device Power supplies protects against 
bad chips and reverse Insertion 


@ Broad support tor additional devices 
using adapters listed below 


M?L Electronics 
970/259-0555 
Fax:S70/259-0777 
250 CR 218 
Durango, CO 81301 
CO orders please add 7% 
soles lar 


Attp./wwe. malcom 


EZ-EP_DEVICE PROGRAMMER - $1 69.95 


Check Web!! — www.m2Zi.com | available Adapters 
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EP-SEEZ (03x 24n 252553} 
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FIGURE 4 


power paths, the orientation of the 
text, and the border araund the 
entire circuit. This border will help in 
placing the transparency on your 
capper board. The border also helps 
in measuring the circuit to size after 
you print it our. 

There very well may be some 
non-standard wiring patterns used or 
non-perfect circuits, but it is not the 
intent of this article ta examine an 
electrical circuit. The circuit does 
work nicely however, and it has 
never given me problems. If there is 
interest, a descripdon and denails 
could be written in a follow-up arti- 
cle. 

Do not be ashamed to lay out 
one trace, and then make a mark on 
your schematic to remind you, that 
you have actually created that trace. 
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‘With 50 or more lines on a 
schematic. it can be easy to forget 
one of the connections. 

Sometimes, the "snap to" grid 
will drive you nuts, especially when 
trying to fit many traces into a small 
space. Turn this feature on and off 
throughout your designs, depending 
on your circuit You can easily fit a 
trace in-between the .I" grid spacing 
if you wish to. 

Be aware of the actual part size 
when laying out your board. Some 
components have a very large foot- 
print, such as switches, jacks, plugs, 
crystals, and capacitors. Be sure you 
leave enough room around the com- 
ponent so that your parts do nor 
jam up against each other. Leave 
raom for air cooling around large 
power resistors or audio ICs. 

If you wish to have any text on 
your board, you may type in same 
text and actually etch it out of cop- 
per. This method may be used to 


print your name and board revisions. 


Use the text option that shows a lit- 
de man upside down standing on his 
head. This will give the correct for- 
mat after etching for legible text. 

Don't forget a final option. If 
you wish to have many boards made, 
send in your artwork to Express 
PCB and have them etch and drill 
the boards for you. 

Express PCB does not have a 
method to easily save your artwork. 
When you save a circuit. Express 
PCB will put grid dots on your art- 
work; this will not work for etching 
circuits. To get around this problem, 
you may simply take a screen capture 
and save it ta a file. 

You will need to turn off all cor- 


ners, set your copper color to black, 
and set board edges to black also. Be 
sure to set your board size back to 
its correct zoom size so that 1" is 
exactly I", not shrunk or enlarged. 

You will now see on screen a 
conventional circuit board in black. 
Do a screen capture now by using 
the Print Screen key on your key- 
board. This will save it to the clip- 
board. Paste this clipboard image 
into a graphic program of your 
choosing. | use "LviewPro” version 
1.0, but any one of many graphic pro- 
grams will do. Resolution is not a 
problem to worry about; my 3" x 4” 
board comes out to a 569 x 426 
pixel size image on sercen. 

Using LviewPro select Edit, and 
then Paste. Now you will nced to 
crop your image to size.This gets rid 
of unwanted screen artifacts around 
your artwork. If you have not done 
so yet, in LviewPro version |, select 
Edit, then Paste, and you will see 
your artwork on screen. 

Using your mouse, drag rubber 
band edges around your artwork 
until you see a nice flashing box sur- 
rounding only the artwork itself. To 
do this, click your left mouse button 
on the upper left corner of your art- 
work, hold the button down, slide 
your mause to the lower right cor- 
ner, and release the button. Now 
again select Edit, then crop, and you 
should see only your artwork in the 
window. You may now select File, 
Save, and save your image. 

You may refer to the Parts List 
for a location to download LviewPro. 
| use version 1.0 that is available ac 
my website htcp://MntnWeb.Com/ 


Tips for Successful Circuit Boards 


1) Set your border to size before laying out any components on the board. 
2) Print on the smaoth side of the transparency, not the glue-based side. 
3) Do not over expose or under expose your boards. Follaw the manufacturer's 


time instructions. 


4) Be sure your artwork has perfect traces before developing: no grainy lines or 


broken traces. 


5S) Ensure your artwork is orientated correctly before developing under the famp. 
6) Traces smaller than O12 are not recommended. 

7) Use larger size traces for power and ground planes. 

8) Leave room on your board for the actual size of che components, so they do 


not jam together. 


9) Print out a plain paper copy of your design and piace your components on it 


for testing. 


10) When cutting boards on a band saw. place the plasticfeopper side up, so that 


the saw teeth cut down and into the copper. 


11) Be sure the ink is good in the printer; you want nice dark jet-black traces 


after print-out. 


12) Continuously agitate the developer and the acid while processing the board. 
13) The instant the last drops of capper have been etched from the board. 
remove it from the acid and wash the board. You do not want ro aver-etch the board. 
14) Acid and developer may be reused many times. Store them in glass containers. 
15) Do not move the board during the time it is developing under the UV lamp 


source, 


16) Warm your acid ta improve its performance. 
17) Be careful while drilling pads co ensure you do not tear loose a trace. 
16) Fine wire wrap may be used to repair a broken trace. Jumper it between your 


connections (RadioShack 278-501). 


19) Etch resist pens may be used to fepair a trace before developing (RadioShack 


RSU10446243). 


20) Handle the board only by its edges before developing. Avoid touching photo- 


sensitive surfaces. 


21) When drying the board after developing and etching. gently dry the board or 
air-dry it. Rubbing hard with a towel may remove small traces. 
22) Do not place traces clase ta board edges. Leave some space at the edge of 


your board. 


Simple Printed Cirenit Boards Using An Inkjet Printer 


Printed Circuit Board Overall Steps 


1) Design your circuit or obtain one from a magazine. 
2) Transfer the circuit into a drawing program, Use a scanner or a screen 
Capture method by using the Print Screen key. (LviewPra works nicely.) 
3) Crap the image so that you only have your artwork on screen. 
4) Reverse the image or mirrar the image as is necessary for printout 
(LviewPro). 
5) Save the image. 
6) Print the artwork onto plain paper and check your parts placement 
(LvlewPro or PhotoPrinter). 
7) Print the board onto a transparency to its measured size. An inkjet 
printer works very nice (PhotoPrinter). 
8) Examine your transparency; use a magnitying glass, if necessary. You 
want jet-black traces, no unwanted connections, no porosity in the traces. 
9) Remove the UV shield from the copper board (plastic film protector). 
10) Place the transparency over the pre-sensitized board aligned correct- 
ly, text will be legible. 
$1) Place glass over the transparency to hold it tight against the circuit 
board. 
12) Illuminate the board under an UV source.A FI5 household desk lamp 
warks nicely. 
13) Do not move the board at any time during che illumination step. 
(4) Wear safety glasses and gloves. 
15) Develop the board. Constantly and gently agitate the board. 
16) Wash che board, and dry it genuy. 
17) Etch che board. Warm your acid, and constantly agitate the board. 
18) Wash the board again to remove acid. 
19) Drill che board. 
20) Solder components. 


Software.hem; it is much simpler and 
easier to use. 

Let us begin the actual process 
of printing the cireuit and etching it. 
The basic steps are as follows: Print 
the board onto a transparency. Place 
the transparency over a board. 
Develop the board using pre-sensi- 
tized copper boards. Develop the 
board and rinse the board under 
water. Acid etch the board. Drill the 
board. Solder the components. (You 
may also refer to the Printed Circuit 
Board Overall Steps sidebar.) 

For this method, you must use 
pre-sensitized positive (+) acting cir- 
cuit boards. These boards come ina 
special tin-foil type bag and have a 
special coating on them. You may use 
either the phenolic or the epoxy 
glass types. You may also purchase 
single-sided or double-sided boards. 
Do not remove them from their bag 
until you are ready to use them. 
These boards are available at any 
store that sells conventional circuit 
boards. Please refer ta the Parts List 
for necessary items. The major parts 
are shown in Figure 2. 


Step I: Print the board onto a 
transparency. Now that you have the 
artwork in your computer, you may 
use an inkjet printer to print out the 
artwork. (You can, of course, use any 


printer.) Print your artwork onto 
plain white paper the first time. This 
will allow you to place the compo- 
nents onto the artwork, you can see 
if everything fics, and it is easy to tell 
if you have any bad traces. (You want 
a program that will allow you to 
print the same size as the actual art- 
work) Refer to Figure |. 

If you designed a 3" x 4" board, 
you want to set your program's out- 
put to print to 3” x 4". Sometimes a 
graphic program will print out to 
DPI (dots per inch) and the artwork 
will come out tiny on the printer. 
Obviously, you do not want that. | 
use a program called PhoroPrinter. 
This program will take any phato or 
image and print it to a printer in any 
size you wish using inches or the 
metric system for output sizes. 

This program is listed in the 
Parts List. If you downlaad the pro- 
gram from my website, please view 
the readme.txt file. PhotoPrinter is 
very easy to use. 

Start PhotoPrinter and select 
your artwork that was saved using 
your graphics program (LviewPro). 
Select Next and set your printer 
output size, either in inches or mm. 
You will need to check the inch box 
to select inch sizes. You may also save 
a predefined board size here. Select 
Next again and you see a screen ask- 
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Rie Data Koyo] (=xs 


PaT tS tated 


FM TRANSCEIVER 
Only 23.33 x Timm 

Up ta 40% bps data rate 

9200 haul with ASCII 

Up to 5008. range 
e5vopcrahon 

#0.25mW into 50 

9.418 of 433MHz FM 

Fast Iins enable 

Direct interface to SV CMOS 
# Auto TX/RX changeover 


i Till i 
AM til 


Compact size: 38.1 e 14. 7mm 
On-board data recovery. CMOS 
@ Low current. 24mA typical 
e2kHz data rate, CMOS/TTL ouput 
#5Vde operation 
On 418M Hz or 433,.92MEz (408) 
No adjustable components 
ePatented Lasce Trimmed cumponent 
High stability 

ensnivity: «105dBm 


11 WW 

AM TRANSMITTER 
Small size: 17.78 x 11.43mm 
*CMOS/TTL input 

®No aijustable components, 
Low Current, ama typical 
41 8MHz of 433.92M1He OOK 
*Sinuple to mtegrate simply 

add antenna, data and power 
«Range up 10 25Ufi. 
«Wide supply rans 
«SAW controlled « 
# Abo available in DIE. pa 


1aVde 


AM-R nee $10.95 BIMAXX-F cccreseeteee $87.36 


RS232 TRANSCEIVER MODULES 
Up to 19.200 bps half duplex 
3 wire RS232 interface 


Range up to $00f 
Ls «Transparent dala packetiaing 


4,800 10 38,400 bps half duplex 
#J-wire RS232 merface 
Controller with user EEPROM 
RS232 interface protected to =15kV 
ysDaia packetizing performed by uscr 
| @Auto TYARX changeover 
)] 208 Miz and 433MEH2 versions 
}*Range up to $00f1. (0.25mW ver.) 
mW & tOmW versions 
set switeh and status LED's 
7.5-15V dc via DB9 connector, 20mA 


Switch & Saus LED's 
ave wire antenna on board 
Available in a Simplex TuRx 
pair(RTcomTX & RTcomRx) 
«7.5V-15Vde operation 
RT cam-$xx.-——- $247.90 
RT comTa-txx___...$ 87.15 


BIM-4xx-KS232 ... $139.30 RTcomRx~txx..-. $105.52 


Tel: (416)236-3858 
Fax: (416)236-8866 

) Free Catalog www.obacam-tech.com 

= abacomtech ompuserve.com 


TUNIS oS = 


ABACOM 


TECHNOLOGIES 


ZERO external cainpanents! 
Built-in BASIC } Assembly 
RS232 program dawnload 
IK flash, 64ee, Jirg, 2ilmers 
15 Ve bits. ADC, 20pin DIP 
20mips. faster than PIC/230 
oem(1k): eval kit(1): 


$1.99 $7.00 tel 


$95 UNIVERSAL 
PROGRAMMER 


Lawen eit, fateut, easiest 
+ Da FLASH. NWRAM, 


Parallel port sedan ayallable 
fur nuichanks, UV eraser 595 


VGA ceo CARD 


All singic/dual scan panel 


SINGLE CHIP COMPUTER 


RS232 terminal for Stamp. PC, 280, AVR, etc. 


NEW! 8K 
SUPER CHIP 


40x the ASIC pgm space 
32 Vo, [2irq, Summers, bus 
AK flash, 
watchdos ermal timer 
40 pia DIP pars AMIVRSIS 
eval(1) $25, or m( 1k) $7.10 


STAMP DRIVE! 


Use PC compatible bard dick 
PCMCIA, Compact Flash, an 
Mam p, s80, ‘SI, avr, we, pac. 
A gizatyte capacity 
Aricudly serial interface 
9600, 115.2. fo Gh 7Tkbpe 
eval Lit (1) S94, oem (1k) 527 
IDE verwon eval SSQ.ocm S14 


$27 MINI-PC 


Toclades DOS, ADC, 


icte! nol a “cnreeepiae™ 
ties & totneial backadesd, 
Use TurboC BASICMTASM ete. 
cval bit (1) 995, 00m {1hy S27 
386 versing eval S195, eran WS8 


-super low current, powers from scrial lines 
-LED backlit LCD, visible in all conditions 
-EE stares custam keyeodes and fants 

-to 115.2kbps, DBS conn, simple commands 
-specify 20 customizable or 16 tactile keys 
eval(1) $75, oem(1k) $21.30, w/hasic CPU $27 


WWW.STAR.NET/PEOPLE/~ 
MVS Box 850 ow pel MS SERVING THE EMBEDDED 
Merr,NM 03054 M FREE SHIPS = COMMUNITY SINCE 19791 


(508) 762 9507 EMVS] Mon-Fn f0-G EST 


Circle #106 cn the Remdar Service Card. 
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ing how many times you wish to 
print your outpur, just select Next 
again. Now you see a landscape or 
portrait selection screen. Unless 
your board is huge, simply seleet 


Next. If you like the preview shown 
on screen, you may click on the final 
Next button and your printer will do 
its job. This process is all easier to 
do than to say. Ic really is very sim- 
ple. You may use this program to 
print co standard paper, as well as to 
the transparency. 


$59 PCBs 


And our layout software is FREE 


@ Download our board layout software 
@ Design your 2-sided plated-through PCB 
© Select the type of boards you want 
O Send us your tayout over the Internet 


Small orders are shipped the next 
business day : 


Select our 
MiniBoard service 
and get 3 top quality 
2.5" x 3.8" PCBs 
for only $59 


,EXpress 


8 Asossr 2001 Nits & Volts Magazine 
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= 


cb.com 


If you have printed out to stan- 
dard paper, and are happy with your 
image, you may now print out your 
artwork to a transparency. Some 
transparencies have a glue side, oth- 
ers are plain plastic. Depending on 
your printer, you will have to deter- 
mine how to print out the artwork 
so that the image comes out aligned 
properly for etching. Here again. 
princing on plain paper makes things 
handy for you. 

Do not print on the glue side, 
use the smooth side of glue-based 
transparencies. You can wet your fin- 
ger and touch the transparency to 
see which side is sticky. Use the 
opposite side to print on. The gluey 
side is porous, and can cause small 
pinholes in your artwork traces, 
causing broken circuit paths. 

When you have your artwork 
on the transparency, you will want it 
aligned so chat any text is now legi- 
ble, and the IC #1 pins are orientat- 
ed properly. It is easy to be confused 
at this point. A method you may use 
to determine proper orientation is 
to place the transparency over the 
copper of a board with any text legi- 
ble, then flip it all upside down and 
look up underneath the board. 
Imagine if you then placed an IC 
onto the topside of the board, and 
its pins stuck downwards through 
the holes and into the transparency. 
The etching should be on the bot- 
tom of the copper and aligned cor- 
rectly. 

For two-layer boards, you must 
be sure that the layers align properly 
with each other when they have 
been printed out. When looking at 
your artwork, be sure you have nice 
clean, dark, jet-black looking traces 

on the transparency, If you see any 
graininess or pinholes in the traces, 
they will show up when etched, as 
well. Don't hesitate to look at your 


board through a magnifying glass to 
examine the tiny traces. You want a 
perfect-looking printout at this step. 


Step 2: Place the transparency 
over a board. You do not always need 
to buy cireuie boards in exactly the 
size you need for your project. You 
may buy a board that is 6" x 4" and 
cut that into three boards of 2" x 4" 
size. Be sure if you cut a board to 
place unused boards back in their 
light-sealed bags when not used, 
Mine are cut on a small band saw. 

Place the board with the white 
peel-off paper facing up so that the 
teeth push down, cutting into the 
copper side. Other people use a 
Dremel drill or Moto-Tool to cuc 
their boards. A handsaw or a small 
jigsaw may be used, as well. 

Please refer to Figure 3 as the 
following steps are laid our. In this 
photo, an aversize circuit board has 
been used, so that you can sec the 
transparency easier, Notice also thac 
the white peel-off UV shield is still 
on the circuit board, 

Place a mousepad or similar soft 
material on your tabletop. This is 
simply used to keep the parts from 
sliding around an smooth surfaces. It 
is not necessary. and you do not 
have to use it. 

Place the copper board on the 
mousepad with its copper side up, 
and lay the transparency over that. 
Any text should be readable. 

If you have printed out your art- 
work with the board's edge defined 
with a black border, ic will make it 
easy for you to align the circuit wich 
the board's edges. Nexe, place your 
window glass over the board, and 
then the transparency. 

This simply serves as a method 
of halding the transparency flac upon 
the circuit board. It is not necessary 
to work in a dark room doing this; 
normal room light will not expose 
the board that fast. You may wish to 
turn direct overhead lights off haw. 
ever, which would shine directly on 
the board. Here again, nothing fancy 
was used, just an F!5 lamp propped 
up on some blocks to give it three 
inches of clearance. 

Remove the lens from the F1§ 
lamp (to show che bulb) and place it 
three inches above the glass. Turn on 
the lamp and allow it to shine for 
15-25 minutes. Any time within this 
range works well. The pre-sensitized 
board will also have developing times 
listed with the board. Common sun- 
light may even be used. 

If all is ready and you are pre. 
pared to develop the board, peel off 
the white sticky paper, and again 
place the board on the mousepad, 
copper side up, transparency, glass, 
and all of this underneath your fluo- 
rescent lamp. Note: Be sure your 
transparency is aligned correctly; any 
text will be readable, 

Illuminate the board for 15-25 
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minutes. At this point, you may be 
able to sce very faint traces upon 
the board. Some people can see the 
traces, other people may nor. Do not 
worry, they are there. You may refer 
to Figure 4 to see the completed 
set-up. Nore in this photo the white 
UV shield Is still in place. 

For people making cwo-sided 
boards, you may tape your trans- 
parency to one side of the copper, 
develop it, and then flip it over and 
tape your second transparency to 
the other side of the board. Develop 
the secand side as you did the first. 
You, of course, will need to buy dou- 
ble-sided boards. 


Step 3: Develop the board. For 
safety reasons, please wear safety glass- 
es and plastic gloves at this point. The 
developer is not highly caustic, but it 
is better to be safe. The developer 
will give mixing instructions; these 
were followed exactly. My brand 
developer called for a mixture of 
nine parts room temperature water 
to one part developer. 

Mix this in a small plastic con- 
giner (a Cool Whip bowl, for exam- 
ple) and soak the copper board in 
this solucion until all of the develop- 
er is removed from the board. You 
must continuously agitate the con- 
tainer until all cooper is showing. You 
will see it begin to wash away and 
the copper will show. 

When it is finished and all cop- 
per is showing clearly, you may rinse 
the board under cold water. The 
traces should now be visible on the 
board. You may reuse this develaper 
many times by storing it in a glass jar. 
This developing should take around 
§-|0 minutes. Figure 5 shows the 
board in the small container, covered 
wich developer. 


Step 4: Etch the board. To begin 
etching the board, again please wear 
safety glasses and plastic gloves. Pour 
the acid slowly into the small con- 
tainer until it will just cover your cir- 
cuit board. You do not need a lot of 
acid to etch the board. To speed up 
the process of etching, heat is com- 
monly used to warm the acid as it 
etches the board. There have been 
many excellent designs in Nuts & Volts 
for heated etching tanks. For people 
who only make a few boards per 
year, use the cheap and simple 
method as | do. 

Simply place the small container 
into a larger concainer filled with hot 
tap water. The tank of hot water will 
warm up the acid quickly and speed 
up the process of etching. Constant 
agitation is recommended for etching 
your board. A small pair of vise grips 
clamped on the side of the small 
container may be used to hold the 
container. 

Shake the small container gently 
to keep the acid moving, Fast shaking 
is not necessary, just a slow, gente 


racking of the container is all that's 
needed, Black oily liquid will begin to 
appear on the surface of the board, 
then this oily fluid will wash away, 
and the board begins to etch. You 
will see that the copper will be 
removed from the outside and work 
inwards. The last few drops of cop- 
per will be in the center. 

Be sure you continue etching 
until those last few drops of copper 
are removed. For my 3" x 4" boards, 
this took exactly || minutes. This 
process is shown in Figure 6. The hor 
tap water around the small container 
needs only to be deep enough to 
warm up the smaller acid etching 
container. 

You may now rinse the board 
under water. The acid ean be reused 
many times. Again, store it in a glass 
container, 


Step 5: Drill the board. Of all 
the steps. drilling your board can end 
up being the most difficult for some 
people, simply because the holes are 
so tny. Please remember to always 
wear safety glasses while using 
power machinery. if you can borrow 
a friend's drill press, this will make 
the job much easier. Cheap X-Y vises 
on the drill press will really make 
things easier. My drill press has a 
$35.00 X-Y vise, seen in Figure 7. 
The vise is very useful for multiple 
inline holes. Clamp the board in the 
drill press, set it to as high a speed as 
possible, and drill the holes. 

Using the contrallable vise, you 
can go right down a line of circuit 
pads and drill them all easily. If you 
do not have a drill press, many peo- 
ple use a small Dremel style Mato- 
Tool to drill them by hand. 

Drill about 25 holes, and take a 
break for a few minutes to rest your 
eyesight. The circuit boards drill easi- 
ly, not a lot of pressure is needed, 
and if you use a new drill bit, it 


Parts List 


ane parts necessary to complete a circuit board are as fal- 
lows. They may all be purchased from Web-Tranics if nat 
available lacally to you. | have no affiliation with this company. it 
is intended only ta poine out an online source of parts. 


1) Pre-sensitized positive (+) acting circuit boards. Single- or 


double-sided. 4" x 6” (PPIO1). 


2) Positive type developer concentrate |7 oz. size (418- 


SOOML) 


lamp. UV style is nat necessary. 


5) Transparency chat is compatible with your printer. 
&) Plastic container that will fit the size of circuit board you 


etch. 


3) PC Board Ferric Chloride (the acid) 35 o7. (415-11). 
4) FIS wate fluorescenc light | used an under desk mounted 


1 trdpdence ns Me 


should nat be too hard. Some people 
use a hand-powered drill, similar to 


the eggbeater style drills. 


Step 6: Soldering. When solder- 
ing small traces and pads, use a low- 
wattage iron, and .025 very fine sol- 
der.A magnifying glass always comes 
in handy, and provides plenty of visi- 
bility for soldering tiny items. 

For people with double-sided 
boards, small clipped wires from 
resistor legs work nicely for the 
"VIA" through-holes. 


The key to making printed cir- 
cuit boards is ta do it yourself. Do 
not be afraid to waste a few boards 


$29.95, 


Rubber gloves 
2) Foam Brushes 
Instruction Sheet 


7) Larger container that will haid che smaller container. For 
example, a Cool Whip tub inside a dishpan tub. The second con- 


tainer will be holding hot water only. 


&) One sheet of window glass or similar. used part of a 


small glass from a picture frame. 


9) PC board, drill bits. Buy a few in case you break one. 1 


FIGURE 7 


learning the process. PC boards are 
fairly cheap, around $3-$5. This is not 
a highly expensive investment if you 
make a mistake. The developer and 
acid may be reused many times, so 
you will not waste the chemicals. The 
first board | made came out very 
good, except for a trace not con- 
nected in my artwork If you follaw 
the steps outlined, you should not 
have any difficulties. 

If anyone does have problems or 
wishes to discuss the pracess fur- 
ther, you may email me at 
Admin@MnmWeb.Com. | will be 
happy to offer advice. NV 


If you cannot obtain parts locally, yau may order online 
from Web-Tronies. They aiso have a complece kit of parts that 
contains everything necessary to begin your awn baaeds, for 


!) x x 5" M.G. Chemicals pre-sensitized single-sided "PCB" 
|) 4" x 6° M.G. Chemicals pre-sensitized single-sided "PCB" 
1) 6" x 6" M.G. Chemicals pre-sensitized single-sided "PCB" 
|) 418-500ml Developer 

Plastic development tray 

1) 415-500m1 Ferric Chloride 


1-800 Technical assistance 


Links 


1) Web- Tronics hetp:/www.web-tronics.com/ 


webtronics/printed-cireuit-board-supplies html 


use #60 and #63 drill bits. If you cannot find these sizes locally, 
you can order a #60 and #66 size bit fram 

www UnicornElex.com #32-6120. There is anly one bit of each 
size In the three-piece kit, (the third bit is 8/16" in size). A lacal 
taol supply house should have (number) drill bits in stock for 
you. 


5) MntnWeb hrp://MnmnWeb.Com/Software.hon Copies of 


2) Unicorn hetpuivww.UnicomElex.com 
3) PhotoPrinter htrp://go.ta/cd-labeler-gold 
4) LviewPro hrtp://Lyiew.com 


PhotoPrinter and LviewPro 
6) ExpressPCB hetp://ExpressPCB.Com 
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Robotics 


Continued from Page 28 


in step 4. 


The above directions will leave 
the saddle on the doverail of the base. 
ic's impossible ae this point, however, 
ta separate the saddle from the base 
because the press-fit follower nut gets 


[ Solar Panel | 


Output approximately 
Volts 6 40 mA. 
2.40" square x 0.13" 
thick epany- 
encapsulated 
suleon photevottaic panel 

removed fram solar lighting system. Solid, 
aimest -unbreakable module with easy-to- 
solder spots on backside. Ideal for solar- 
bawered bafiery chargers and other projects 
CAT # SPL-60 


s each 


30 Wait Stereo Amplifier 


CO 


“Purp up the velume™ with the Powerbite @ 
bersonal stereo amplifier. Boos! the pawar of 
your computer, personal CD player, portable 
TV cr video game, any audia device with a 
tne level output This ergoncmically designed 
seston ampitier provades 30 (15 x 2) Watts 
of power for a ciean, full saund that can be 
Fayed Ihrough bookshell or larger speakers. 
Trackball-ke volume control, Tone cortral. 
LED power ind.cator. Incudes wallmount 
ower Supply ard stereo mini-to-ACA cable 
to connect to aucia source. New units in 


retail display packaging 

Speakers nct included g 2 500 
CAT# PBA-30 each 

Rechargeable Battery 

Eveready # NH22, Nickel Metal 

Hydride rechargeable banery. 
Replaces @ Voll batteries in many 
apglications. Actual voltage | 
7.2 Volts. Can be charged in most |, | 
Nickal-cadmium chargers wh 
CAT# NMH-9 $ 


ORDER TOLL FREE 1-800-826-5432 


ON-LINE www.allelectronics.com 


Shop 


MAIL ORDERS TO: 


R A T 


in the way. You can use a drift punch 
and a hammer to force the follower 
nut out, but be very sure you want to 
do this before you atrempr it Ac the 
very least, scribe a couple wimess 
marks between the nut and the 
machine boss on the underside of the 
saddle so that you can reassemble 
them with the proper alignment 


should you wish to do so. 

After you've stripped the table. 
give everything a good cleaning with a 
solvent such as kerosene. Remove any 
light rust spots with steel wool. If you 
are going to hand scrape the mating 
surfaces of the dovetails, now is the 
time to do this. Oil all parts during 
reassembly. 


| oO N 


Two Speed Worm Gear Motor 
@. 


Powertul windshield 
wiper motor for 
2000-2001 Satum L 
series automobiles. 
Two speeds; high speed -“h 
is 106 RPM at 12 Vac, Le, ~ 
4 Amps. Law speed is 

41 APM at 12 Vde, 0.91 Amps. 3/8" threaded 
drive shatt with nul, A 2.25" lever with a univer- 
sal joint, atlached to the shah, 1s easily remay- 
able. 7* overall length x 3.5" x 4", 75 
CAT # DCM-171 Sach 


Low, Low Price! Nokia 5100/ 
6100 Cell Phone Battery 


Standard banery for all 
Nokia 100 and 6100 
senes Cell phones. > > 
3.6 Volt, -_ mahnickel SSE 

metal hydnde pack good for =“ SO 
3-5 hours talk ime, 60-270 hours 

standby lime. These are new batleries with 
miner cosmetic blemishes, thal do not impair 
the baflory's usefulness in any way. idoal 
replacement or spare battery. 95 
CAT# NOK-8 SOszzn 


640 X 480 LCD Panel 
with CCFT Backlight 


Sharp # LM64K101. Graphic 
display module with onboard 
drivers. Positive-type 
display, black dots 
on white 
hackground. 
Operates on 

5 Vde (logic) 
and 18 Vde 
(LCD). Built-in 
CCFT backlight 
(inverter not 
included). Display size: 4.5" x 6." 
Module size: 5.56" x 8° x 0.277 thick.” 


Includes hook-up diagram. 
CAT # LCD-61 s2 00 


Ma 


Jia 


ae 


Ca 
QUALITY Parts Si 
FAST Shipping 


DISCOUNT 
Pricing 


OF E-MAIL For A 


Free 96 Page. | 
CATALOG. 


Outside th, 
ES 
Send $3.00 Postace 


47 Watt Enclosed Supply 


Astec # RPS4-115/230-C-714A 
Input: 85 - 264 Vac 
Outpuls: SV @ 4Amp. 
12V@2A-SVE « 
0.7A. Compact 
enclased supply 
with on-olf smich 
65° x32 x 1.48", 
White molox-type connector 

on 3.5" leads for output. Requires IEC-type 
power cord for input voltage (not included). 
These units were removed from new equip- 


a 
LOR > 


ment in good condition. 50 
CAT # PS-540 SOxcn 


power plug, 

Zimmid. 

center positive. 

CAT # DCTX-1216 00 

100 for $3.85 each s5 a 

Low Profile Outdoor TV 
Antenna RCA ANT4100X 

local URF and 

VHV channels 

Low profile, 

foottop antenna. Gan be hidden 

in the attic, under the eaves or mounted on 

the roaf, Véeatherproot. Ideal for marine use. 


Class 2, diroct plug-in AC-DC 

Indsadually 

Breakthrough in 

omnidirectional 

14.75" x 14.75" x 2.25." Paintable ABS plastic 


adaptor. Coax K> 
‘ Hi | 
(a) 
a C] | J 
L 

boxed. UL. CSA. 

digital technology 

tor receiving “4 Ks 

antenna. Replaces unsighily 

cabinet. 75 ohm input. Etfective for up 16 30 


mile radius in flat area, 
CAT # ANT-100 sj 25 


The Small Table 


Next is the “small” X-Y rable 
(Enco #201-2826) intended for the Z- 


axis: 


1) Loosen the allen screws and 
remove the 5/8" nuts to remove the 
handcranks, 

2) Loosen the allon screws to 
remove the graduated collars. You 
may need to use two fat-blade 
screwdrivers to gently pry the collars 
loose. 

3) Remove two allen head 
screws from the steel bearing plates 
to allow unscrewing the leadscrews 
from their respective nuts. The bear- 
ing plates are held captive on their 
respective leadscrew shafts with stec! 
bushings. The bushings themselves are 
pinned to their shafts with roll pins. If 
there is excessive lateral play 
between a bearing plate and its shaft. 
you will need to use a hammer and a 
small pin punch to remove the roll 
pin. This allows the bushing to slide off 
the leadscrew shaft so you can then 
shim the gap with a washer of the 
appropriate thickness. Using a simple 
$5.00 thickness gauge, | measured 
about .005" lateral play in my lead- 
screw bearings; this is acceptable for 
the time being, so I've left che bush- 

ings in place. 

4) Loosen the gib screw lock 
nuts and loosen the corresponding 
screws. Slide first the table, then the 
saddle out of their dovetails. Mark 
which gib goes with which slide and 
set aside. 

5) Unlike the larger X-Y table, 
the small X-Y table uses cast bronze 
follower nuts which are easily 
removed. Simply remove the screws 
holding the cast bronze follower nuts 
to the saddle and the base. Be sure to 
scribe a couple witness marks on 
each nut so you can get them back in 
proper alignment on reassembly. 


These small Enco tables are inex- 
pensive, apparently in part because 
they are slapped together withouc 
regard for the niceties. For example, 
when | stripped my table, | noticed 
quite a few loose metal chips and 
burrs. Time spent cleaning the chips 
out and deburring and filing rough 
edges will pay off in extended wear 
life, and you'll be less apt to cut your- 
self when working on your table. Plus 
it just looks nicer. 


I'm outta here 


We're leaving the Robot Ranch 
behind for a few weeks to fly off ta 


Big Sky Country in Montana for a 
long overdue vacation. Enjoy the sum- 
mer reading recommendations. Get a 
start designing robots to build this 
winter. That's what I'll be doing — 
after vacation. See you next month. 
NV 


FAX (818) 781-2653 + INFO (818) 904-0524 


ACE ELECTRONICS CORP. E-MAIL allcorp @alicorp.com 


P.O. BOX 567 = VAN NUYS, CA 91408-0567 
NO M.NIUM QADEA « Ad Orders Can Be Charged io Visa, Mastarcard, Amencan Express ar Discover « Checks and Moray Orcors Accaptod by Mas « 
‘Ordara Dé-varsd in tha State of Calis mud include Caltorua Stata Sales Tax + HOC O D = Shipping and Handing $6 00 for tha 48 Gontinantal Undod 
‘States «ALL OTHERS mnckckng Alazka, Hawa, PA and Canada Must Pay Ful Shipping » Quanites Limited « Proea Subject la change withoun nclien 
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Cirela 895 on the Reader Service Card, 


BO Aesceast 2001:N'uts & Volts Magazine 


Continued from Page 13 


located at 6221 South Maple 
Avenue, Tempe. AZ 95283, and can 
be reached at 480-755-4712 or 
info@cedistcom or www.cedist 
com. 


MUSICEASE: 
INTELLIGENT MUSIC 
NOTATION EDITOR 


the tiene 


BR AusicEase Software has released 
1° IMusicEase 8.0, program that 
lers users quickly create transpos- 
able sheet music under Windows 
95, 98, NT, 2000, and ME. 

MusicEase creates engraver 
quality sheet music even if you 
don't know music copyist rules. 
MusicEase knows things like if the 
slur should go above or below the 
notes, and if the tuplet should go 
becween the slur and the notes or 
outside it. 

You see the music on your 
screen (WYSIWYG) as you edit 
Because you need not specify things 
like slur direction and tupfer loca- 
tion, you can enter music very easi- 
ly and quickly. For sample printouts, 
see hetp://www.musicease.com/ 
samples.huml 

Artificial intelligence rechniques 
are used to position music nora- 
tional elements correctly without 
being told and to create properly 
transposed music. Things like guitar 
fret diagrams can be automatically 
added/removed with just several 
mouse clicks. 

MusicEase works like a word 
processing program with capabili- 
ties like cut, paste, multi-level undo, 
and print preview so users can 
learn to use it quickly. MusicEase 
optionally displays shape notes, 
automatically converts standard 
notation to tablature, transposes, 
retrogrades/inverts blocks, imports 
MIDI files and scanned music, scales 
to different sizes, and will aucomati- 
cally cast off (determine optimal 
system breaks), and justify. 

Integrity Music has chosen 
MusicEase as the driver of the 


transposable sheet music feature 
Included in its Worship Software. 

MusicEase costs $79.95 (stan- 
dard version) and $199.95 (profes- 
stonal version) for a single-user 
license. For more information, visit 
hetp://wwrw.musicease.com where 
you can download a fully functional, 
evaluation version. Or contact 
MustcEase Software, P.O. Box 9219, 
Grand Junction, CO 81501. Email: 
pr@musicease.com. Fax: (970) 434- 
0793. 


BURNING A CUSTOM 
MUSIC CD NOW 
EASIER THAN 
BEFORE 


A coustica has released MP3 CD 
‘Burner, a full-featured Windows 
application that makes it easy to 
turn MP3 music files into music 
CDs that play on ordinary home 
and car stereos. 

MP3 CD Burner lets you select 
your MP3 and WAV songs by doing 
keyword searches, browsing your 
music folders, and dragging and 
dropping your favorite songs, or 
imparting your M3U or PLS 
playlists. With a single cliek, you ¢an 
sort the songs by tide, album, artist, 
length, or date. If you're not sure 
about including a song in your CD 
compilation, it's easy to play it 
directly from the program. The 
handy editor lets you rename 
tracks, change the order of the 
songs, and undo/redo all of your 
changes. MP3 CD Burner knows 
how long each song is. and warns 
you if you're trying to include more 
music than will fit on your CD. 

If your MP3 files contain addi- 
tional information about a song's 
track number, album name, artist, 
track length, and website, you can 
easily copy thls text to the clip- 
board and use it in other programs 
such as a CD label maker. 

MP3 CD Burner includes fea- 
tures that are normally faund only 
in high-end recording software. You 
can set the volume for each track 
manually, or have the program nor- 
malize all of the tracks so that none 
of chem will be too loud or too 
soft. MP3 CD Burner automatically 
detects incomplete songs, and tells 
you about them before you burn 
your CD.The program can trim 
silence from the beginning ar end 
of songs. You can specify the exact 
amount of silence to leave between 
tracks. You can even create segues 
between tracks by fading out and 
fading in your songs. 

Once you have selected your 
musie and decided how much 


VISIT US OM THE WEB AT: 


http://www.candhsales.com 

ond af email: candhsales@earthlink net 

Y © SALES COMPANY 

2176 E. Colorado Blvd. « Pasadena, CA 91107 


TOLL FREE: 
1-800-325-9465 


FREE 
148 PAGE 
CATALOG! 


C & H SALES COMPANY HAS BEEN IN BUSINESS FOR OVER FIFTY YEARS. 
WE'RE THE BEST SOURCE FOR GREAT BUYS ON ITEMS LIKE THESE - AND MORE! 


ELECTRONIC COUNTER — 


HEWLETT PACKARD. gaat — 
Model 53284. Universal — 

counter. Usable ta 100 Pd 
Mbz, 100 ns single shot resolu- 

tion. Has frequency, period, period average, ratio, total- 
ize, scale functions, Two Input channels provide individ« 
val slope, polarity and level settings. Has 9 digit LED 
readaut. Input powet 100-240 VAC 48-66 Hr 100 VA 
nak Dimensions: 17° wide x 17-1/4" deep x 3-1/2" 


Stack #TESA08 $250.00 


SOLA CONSTANT VOLTAGE TRANSFORMER 
‘SOLA ELECTRIC, 493-139-150. Harmanieally neutralized 
constant vottage transtarmer. Rated a1 500 watts. Input 
vollage 95 to 190 VAG 60 Hz. Output voltage 120 VAC. 
This umit 4s designed for rack or hench meuntng. The 
meters on the front panel indicate output current and 
InpuVoutput voltage. A loggla switch is provided tor 
Selecban of Input or auiput vottage. The input voltage is 
connected af the rear of the unit via a covered electrical 
panel. Two standard 3-wira gicunded electrical outputs 
afa supplied on the from and rear panels. Dimensions: 
18" wide x 14-1/4" high x 10-1/4" deep. Weigh! 59 Ibs. 
Stock #STAQSCO $225.00 


MILLIQHMETER 
HEWLETT PACKARD, 
Model 428A. 
Designed to measure 
‘very low resistances, a 
Measurement range @ 
‘1m ohm ta 100 ohms. . 
Resolution 20 u ohms. 
Analog meter readout. Ideal tor 
measuring contact resistance of switches of relays. This 
unit Is also useful for measuring the resistivity af semi- 
conductor devices, (Requires spacial 4 termina! probes 
which ara net supplied. but probably are avaiah‘s trom 
Hewent Packard.) Power Input 115-230 VAC 42-68 Hz, 
§ VA max Oimensions: 5-1/8" wida x 11-1/2" deep x 
6-1/2" high. 

k @TEGRZ $200.00 


PRECISION LINEAR WAY BEARING 
This assembly consists of a fnear hall hearing track rad 
‘and two bail bearing slider elements, 280mm long with 
14 countersunk holes for rail mounting. Stainless steel, 
Stock #BR2002 $57.50 


DIAPHRAGM 

PUMP 

THOMAS 

INDUSTRIES 

Single diaphragm 

oll-tess pump. Motor 

rated 115 VAC 60 Hz. 

Pump autput is 0.69 

ctm free air, Max. continuous operating pressure 20 ps. 
Stock #PC9504 $49.50 


M Master Charge 1 Visa American Express 4 Discover 


Call us first If you have surplus Inventories of electronic, oplical, ot mechanical lems (or disposal 


WE BUY & SELL! 


Cleele #108 on ine Reader Service Card. 


silence or overlap to have between 
tracks, a single mouse click starts 
the CD burning process. There's no 
need to convert MP3 files into 
WAV files before burning your CD, 
MP3 CD Burner supports the 
newest hardware features, ineluding 
90-minute CDs and the latest Burn 
Proof technology. You can test 
before you burn, and you can make 
multiple copies of your CD; the 
program will prompt you for a 
blank CO when it completes each 
copy. 
MP3 CD Burner costs $16.95 
(US), runs under Windows 95/ 
98/Me/NT 4/2000, and may be 
purchased securely online at 
http://www.cdburner.com/. You can 
download a free, fully-functional 

trial version of MP3 CD Burner 
that will burn three CDs without 
any restrictions. The program 
works with ordinary CDR and 
CDRW drives that support Disc- 
At-Once (DAO), and a Pentium Ii 
er newer computer is recommend- 
ed. For more information, contact 
Acoustica, PO. Box 728, Oakhurst, 


CA, 93644; Phone: (559) 692-2224: 
Email: Biz@acoustica.com; Internet. 
hetp://www.cdburner.com/. 


NEW PRIVACY 
SOFTWARE PROVIDES 
PERSONAL 
PROTECTION FROM 
ONLINE TRACKERS 
AND PRYING EYES 


FEovision Systems, Inc. has 
EZzannounced the release of 
Privacy Guard 2.0, a program that 
allows users to delete individual 
items stored on their computer by 
various online entities as a result of 
their Internet surfing activities, 
Privacy Guard 2.0 allows web 
users to surf with confidence. 
Surfers can keep their online activi- 
ties private from anyone with 
access to their computer. It also 
allows the user to keep anline enti- 
ties from tracking and reporting 
what he or she does online. What 
makes Privacy Guard 2.0 unique is 
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GOT AMATEUR EXTRA? 


he GROL commercial license is 

your ticket for making money In 

the marine electronics and avia- 

tion electronics fields, GROL 
stands for General Radiotelephone 
Operator License, and this is the rela- 
tively new name for the old first, second, 
and third class commercial radiotele- 
phone operator license. 

As an Extra class amateur radio 
operator, you have already studied about 
70 percent of the present GROL techni- 
cal questions; and if you were an Extra 
class operator who tock and passed the 
20 wpm code test prior to April 15, 
2000, you also received 20 wpm code 
credit to satisfy the Morse Code require- 
ments for the second and third class 
commercial radiotelegraph operator's 
certificate. 

In 1984, the Federal Communi- 
cations Commission (FCC) overhauled 
commercial radiotelephone and 
radiotelegraph licenses. The first class 
and second class radiotelephone opera- 
tor license was discontinued and 
replaced with a special lifetime General 
Radiotelephone Operator License, 
GROL. The third class radiotelephone 
operator permit, aircraft radictelegraph 
endorsement, and the broadcast 
endorsement were eliminated and not 
replaced. The commercial marine 
license turned into the present MROP — 
Marine Radiotelephone Operator 
Permit. 

To the surprise of everyone who 
held a commercial license, the FCC 
announced it would no longer require 
the “second class ticket” to install, main- 
fain, adjust, and repair land mobile two- 
way radio equipment. They also climi- 
nated the “first phone” for the repair 
and adjustment of TV and broadcast 
radio equipment, too. 

However, the FCC, under intema- 


WN GET COMMERCIAL GROL! 


Powerful marine coast radio stations need a 
GROL licensee on duty. 


tional law, still requires the GROL pre- 
sent day commercial license to service 
and adjust Part 87 aviation radios, Part 
80 marine radios, and Part 23 interna- 
tional fixed service shortwave stations. 
The FCC still requires a GROL along 
with a radar endorsement to service and 
adjust aviation and marine radar equip- 
ment. 

Also, many municipalities, two-way 
radio service shops, and many tele 
phone companies throughout the 
United States still require a commercial 
FCC license as an employment require- 
ment, even though that license may na 
longer be required to work on private 
two-way radio systems. 

You will need a commercial radio 
operator license to transmit over the fel- 
lowing radio equipment: 


- A boat carrying more than six pas- 
sengers for hire. ' 


internal adjustments. 


+ A marine SSB high-frequency station. 

- A boat that sails to a foreign port. 

+ A ship larger than 300 gross tons 

+ Certain high-power land marine coast 
stations. 

- Aircraft stations operating on high-fre- 
quency SSB. 

+ Civil Air Patrol stations on other than 
VHF frequencies. 

- Coast and ship stations transmitting 
radio telegraphy. 


You also need a commercial radio 
operator license to repair and maintain 
the following: 


« A boat two-way radio. 

+ A boat radar. 

+ Ashore radio station in the marine or 
aviation service. 

+ A marine or aeronautical handheld 
radio. 

Any aircraft radio or aeronautical 

ground radio station. 


You would also need the Global 
Marine Distress Safety System operator 
license, and radio maintainer license if 
you plan to be a radio operator aboard a 
large passenger or cargo vessel requiring 
GMDSS certification. 

There are now 12 types of com- 
mercial radio operator licenses, certifi- 
tales, permits, or endorsements that are 
either required by intemational radio 
law, or required in private industry. 
These licenses are granted after passing 
examinations selected fram seven writ- 
ten and four telegraphy examinations on 
various subjects. 


GOT EXTRA? 


If you have an Extra class license, 
either the new one after Apri! 15, 2000, 


A GROL license is required to make transmitter adjustment: 


on any marine or aircraft radio system. 


or the old Extra along with the 
Advanced license prior to April 15, 
2000, you will find that almost 70 per- 
cent of the technical questions look 
almost identical to what was on the old 
Advanced and Extra class ham written 
exams, and on the present amateur 
radio Extra ham test! Let me explain ... 

In 1993, the FCC transferred the 
responsibility for its commercial radio 
operator license testing program to the 
Private Radio Bureau — later named 
the Wireless Telecommunications 
Bureau. This is the same bureau that 
handles amateur radio operator exami- 
nations. 

Recognizing the success of the 
amateur radio VEC system, the FCC 
came to believe that a similar mecha- 
nism could be implemented in the com- 
mercial radio service, as well. The FCC 
received legislative authority from 
Congress to delegate the examination of 
commercial radio operators to private 
groups 

There are now eight private groups 
known as Commercial Operator License 
Examination Managers (COLEMs). The 
FCC said that they believed, ~... A sys- 
tem with multiple entities managing 
operator examinations will encourage 
competition between the entities and 
resull in good service, responsiveness, 
and lower prices to the applicants.” The 
COLEMs were chosen by the FCC's 
Private Radio Bureau 

One COLEM that you will quickly 
recognize is headed up by Fred Maia of 
the amateur radio WSY] Group. He was 
the first organization to provide amateur 
radio operator examinations on a 
national basis, and was one of the first 
to offer nationwide commercial radio 
operator testing as well through its 
National Radio Examiners Division. 


30 DAY DILEMMA 


The FCC gave the new COLEMs a 
scant 30 days to come up with “an 
approved” set of 170 total questions for 
marine radio law and operating prac- 
tices, Element 1, of which 24 questions 
would be on the exam. 

But the biggest challenge was to 
come up with a total of 916 “approved” 
questions for commercial Element 3, 
GROL, of which 76 would appear on 
the test. Also challenging was to come 
up with 321 questions “approved” to 


ship radar techniques, commercial 
Element 8, of which 50 questions would 
appear on the test. 

Yikes, where in a matter of days 
could we all come up with 900-plus 
questions for GROL Element 3? These 
technical questions all needed a back- 
ground check for authenticity, and the 
commercial question pool committee 
needed to pull this off in one big hurry. 

So guess where they tumed to for a 
set of “approved” questions and 
answer? They went to the amateur radio 
Advanced class Element 4A and Extra 
class Element 4B “approved” question 
pools, and pulled hundreds of questions 
almost verbatim for the commercial 
GROL Element 3 exam. They also 
adopted the same amateur radio sub-ele- 
ment topics, beginning with operating 
procedures, and ending up with anten- 
nas and feedlines. 

If you have recently or not recently 
passed your Extra class exam, ! will give 
you but one example of how well pre- 
pared you are to take the commercial 
GROL test. 


New Extra question E4B01 ... 
“What is a frequency standard?” 

GROL question 3C1 ... “What is a 
frequency standard?” 


Extra class question ES5SA05 ... 
“What is the magnitude of the imped- 
ance of a series RLC circuit at reso- 
nance?” 

Commercial GROL question 3D8 
.. “What is the approximate magnitude 
of the impedance of a series RLC circuit 
at resonance?” 


There are hundreds of commercial 
test questions worded exactly the same 
as what was on the ald Advanced test 
and what is now on the present Extra 
class ham exam. The answers are iden- 
tical, too — only the A, B, C, D order 
has been changed around. 

Some questions were ever-so-slight- 
ly altered when taken out of the amateur 
radio question pool: 


Commercial question 3A5 
“What is an ascending pass for a low- 
earth-orbit communications satellite?” 


Amateur Extra class question 
E2A01 ... “What is the direction of an 
ascending pass for an amateur satellite?" 


IS 


Even after the April 15, 2000, 
combining of original Advanced class 
questions and original Extra class ques- 
tions into the new Element 4 amateur 
Extra class test, close to three-quarters 
of the commercial GROL Element 3916 
question poo! comes almost word for 
word out of the current Element 4 665 
question pool. 

Commercial Element 1 mules and 
regulations are straightforward questions 
and answers, and brain stumpers like 
what you should do if you hear a 
Mayday call may quickly be learned aver 
a weckend. Commercial Element 8 radar 
endorsement questions will require 
some study and calculations, but they 
are no mare technical or hard to com- 
prehend than what you leamed for your 
amateur Extra class ticket. 

The radar questions were profes- 
sionally pulled together by Roger 
Boettcher KBOGEN, owner of Aircraft 
Communications & Electronics Schools 
in Virginia Beach, VA. 


BUT WHY? 


Why not abtain a commercial gen- 
eral radiotelephone license with radar 
endorsement? If you're looking for 
employment in the marine or aviation 
electronics field, it is an FCC require- 
ment to have this license, along with 
radar endorsement. 

The GROL license is good for life, 
foo! And more gaod news — here is no 
FCC tee for the license, only an exam 
fee of approximately $25.00 for 
Element 1, $25.00 for Element 3, and 
$25.00 for Element 8. Most applicants 
who are amateur radio operators take all 
three exams in one sitting. 

Old-time hams who have passed 
the 20 wpm code test will also study 
commercial written Element 5 and com- 
mercial written Element 6 to obtain their 
second class radiotelegraph operator 
certificate. These are written exams, 
and passing the old 20 wom Element 
1C code test gives credit for second 
class telegraphy Element 1, 16 code 
groups per minute, and second class 
telegraph Element 2, 20 wpm plain 
language 


BIG FCC CERTIFICATE? 


When you pass your examinations, 
your examination team will issue you a 
prool of passing certificate which is suit- 
able for framing. It loaks nice on the 
wall. What the FCC will send you is a 
wallet-sized license, but unfortunately, 
they no longer have any of the big 
GROL licenses for framing. 

However, Nationa! Radio 
Examiners (800-669-9594 or 817-461- 
6443) offers a major-sized, wall-sized 
proclamation that calls out your 
achievements in passing the commer- 
cial exams. Call for details — it really 
looks nice. 

So, if you are studying for Extra 
class, or have already achieved amateur 
Extra class status, do consider getting a 
single book and passing your General 
Radiotelephone Operator License with 
ship radar endorsement, commercial 
Elements 1, 3, and 8. This commercial 
license will last you a lifetime of future 
employment in aviation and marine 
electronics. NV 


RESOURCE BOOK: GROL 
Pius, Q& A with explana- 

| tions far commercial 

| Elements 1, 3, and A, for the 
FCC commercial radio GROL 
license with radar endorse- 
Ment. Third Printing, 
January, 2000, 496 pages. 
$40.00 and autographed by 
this writer, 2414 College 
Drive, Costa Mesa, CA 
92626. 
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its ability to allow the user to view 
each individual item put on their 
machine and choose whether or 
not to delete or keep that item. 
Privacy Guard 2.0 detects each 
individual user ID on a specific 
machine, what aperating system 
and web browser they are using, 
and provides all the details of their 
web activities. Depending upon 
what operating system or web 
browser the user is running, they 
will be able to view all files where 
Information |s stored. This would 
include their history, recent loca- 
tions, cache, cookies, archives, 
favorites, temporary files, scan disk 


files, downloaded files, and the “run” 


option of the start menu. In all 
cases, the user will have the option 
to delete an individual item, or 
delete all the items in that file. In 
certain cases, the user will be able 
to open a file, browse a website, 
and edit the title of a certain Item. 
Privacy Guard 2.0 performs 
under Windows 95, 98, NT, and 
2000. It works with Internet 
Explorer 3.0, 4.0, 5.0, 5.5, and the 
brand new MSN Explorer. It also 
performs with Netscape Navigator 
3.0, 4.0x, 4.72, 4.73, 4.75, and AOL 
40,5.0. and 6.0. 
Privacy Guard 2.0 is available as 

a downloadable product with a 2! 
day free trial period. Purchase price 
Is $34.95. Licensing options are 
available, and buyout offers are 


being entertained. For more infor- 
mation, contact John Meyer at 
Envision Systems, Inc., [4201 
Crown Drive, Eden Prairie, MN 
55346. Phone 952-949-8663, email 
Johnmeyer@envisionsystemsinc.co 


EXTRACT USABLE 
DATA FROM JUST 
ABOUT ANYTHING 


Ba 


Ed 
Te ee 


uy Software has released 
MParseRat 2.0, a Windows appli- 
cation that lets you pull all impor- 


tant information out of files and 
databases, even if you don’t know 
what program originally created the 
data. You can capture information 
that was created by obscure or 
unknown applications, separate or 
“parse” it into fields. and convert it 
into a file that can be easily import- 
ed into your database, spreadsheet, 
or other application. 

For database, fixed-format, 
delimited, and page image records, 
ParseRat shows you the data, and 
helps you define on-screen where 
the valuable information lies. Using 
intuitive point-and-click screens, 
creating a conversion template 
takes only a few minutes. ParseRat 
can canvert thousands of records 
per minute to your new format. 

If the data was originally created 
on a mainframe, ParseRat performs 
the EBCDIC-to-ASCIl conversion 
instantly The program also handles 
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TYPE or PRINT your ELECTRONICALLY RELATED 
ad copy CLEARLY (not all caps) on a separate piece of 
paper. Spell out words when submitting handwritten copy. 
Calculate the number of wards and multiply it by the appro- 
priate rate (see RATE PER WORD section). Include any 
charges for bold and/or CAPPED wards, any artwork costs 
that would be applicable, and/or costs far boxing your ad 
(explained below). Choase the apprapriate classification for 
your ad(s) to appear in (see below). If no classification is 
indicated, it will be placed in Misc. Hectronics or wherever 
we deem most suitable. Enclose your name, address, 
phone number, and Nuts & Yotts account number 
fram yaur mailing label (if available) for identification 
purposes. Include full payment — CLASSIFIEDS RUN 
ON A PRE-PAID BASIS ONLY — and mail your com- 
pleted order to: 


NUTS &VOLTS MAGAZINE 
430 Princeland Cr, Corona, CA 92879. 
RATE PER WORD 
The ad rate for current PAID subscribers is 60¢ 
per word. All others pay $1.20 per word. There is a 
$9.00 minimum charge per ad per insertion. 


WORDS IN BOLD AND/OR ALL CAPS 
Wards to be sez in bold or CAPS are each 10¢ extra PER 
WORD. BOLD CAPS are 20¢ extra per ward. The first 
two words of each ad are bold capped at no charge. Indicate 
bold words by underlining. Words normally written in caps 
(e.g. IBM) and accepted abbreviations such as VAC or MHz 
are NOT charged as all cap words. Use a two-lemer abbre- 
viation far states. 


PHOTOS, DRAWINGS, AND BOXES 
A photo or drawing may be mun at the top of your classified 
ad for an additional $10.00 (I" depth max) for camera- 
ready art. No wording is allowed in this area.Ta BOX your 
ad, include an additional $50.00 for copy-only ads, or 
$75.00 for ads wich art or photos. Photos may be emailed 
to classad@nutsvolts.com. 


EMAILING OR FAXING IN AD COPY 
You may email or fax in ad copy or changes before the clos- 
ing date (5:00pm on the Sth) using MasterCard or Visa 
Include credit card expiration date, the name that appears 
on the card, a daytime phone number, and your 
Nuts & Volts account number. Email ad(s) co 
classad@nutsvolrs.com or fax to 909-371-3052. Ads with- 


out credit card information will not be listed as received 
until payment is received in full WE DO NOT CALL, 
EMAIL, OR FAX BACK VERIFICATION OR 
QUOTES OF EMAILED AND FAXED-IN ADS. for 
verification of emailed or faxed-in ads, please call 909-371- 
8497. 


DEADLINE 
Prepaid ads received by 5-00pm on the clasing date (5th 
of the month) will appear in the following manth's issue. 
Ads postmarked through the Sth, but received after the 
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Computer Desktop Encyclopedia 
Experience it today at the Nuts & Volts Web Site. 
If computer terminology or high 


tech mumbo jumbo seems to leave | 
% you on the outside looking in, you | 
| 


es — The Encycl 
000 definitions, illustra- 
d diagrams, 


micro to Compute’ 
Desktop 


need to check out the latest new 
feature available now at 
@ www.nutsvolts.com 


nis — You can't 
mputer and telecom lingo 
y and age. The Encyclopedia 
only the high-tech world, but 
it interesting for everyone. 


Ug, Our new computer encyclopedia 

* will have you up-to-speed on 

everything to do with computers, 

in nothing flat. As our lives 
become more integrated with 
and dependent on technology, 
this great resource will help you 
understand the concepts that 
drive this technological explo- 
sion. 


nty Years In the Making — 
ting as The Computer Glossary in 
1980. the Encyclopedia is the longest- 
|) running computer dictionary. Edited by 
» Alan Freedman, noted computer lexi- 
cographer with 40 years of experience 
in the industry, the Encyclopedia is the 


Check it out. It's informative, it's here now, 


most comprehensive reference of its kind. 


and it's brought to you free by Nuts & Volts. 


News Bytes 


Contvraned from Page $4 


all of che binary, packed. and zoned 
numeric formats chat are tradicional- 
ly used on mainframe systems. 
Thousands of computer pro- 
grams stare data in their own pro- 
prietary formats. ParseRat lets yau 
work wich these files by stripping 
away their header information, and 
giving you access to the fixed-for- 
mat recards that lie beneath. 
Mystery files are converted into 
simple import files for your spread- 
sheet or database. Even if you can't 


unscramble che master files of an 
application, you can usually extract 
the data you need from reports 
“printed” to a file. 

ParseRat can even handle 
emails and other variable length 
records with variable length fields. 
For example, you can grab screens 
full of data and tell ParseRat that 
you want to capture the fields that 
follow on-screen tags such as "per- 
son” and “city.” tt can even parse 
data from the Windows clipboard. 

ParseRat has special logic to 
process names and addresses. The 


program's parser can intelligently 
{ook for multi-word first and last 
names, as well as complex combina- 
tions of prefixes and suffixes. 
ParseRat's genderizer has tables of 
10,000 male and female names so 
you can accurately put "Mr." and 
"Ms." into your salutations. The pro- 
gram can break down addresses 
into their individual elements, and 
recombine them into the format 
that your database system requires. 
Similarly, ParseRat can convert 
numeric fields and dates into the 
format that you need. 

With its XML support, 
ParseRat makes it easy to pull data 
out of files created in today's 
hottest file formar. or export data 


into it The program can generate 
Soundex codes, and eliminate dupli- 
cate records based upon actual 
data or sound-alike data. With its 
command-line interface, you can 
even run ParseRat from within 
other programs. 

ParseRat 2.0 runs under 
Windows 95/98/Me/NT4/2000, 
casts $49.95 (US), and may be pur- 
chased securely online at 
http://wwew.guysoftware.cam/. For 
more information, contact Guy 
Software, 1752 Duchess Avenue. 
West Vancouver, British Columbia 
VIV 1P9 Canada. Phone: (604) 926- 
1370 Fax: (604) 926-1346 Interner: 
heep://www.guysoftware.com/Email: 
ed@guysoftware.com. NV 


Stackable 
Volea/Fax &50-€63-5723 


cosMgured for input or output. Tum 


vensisons and bution presses. 4x4 i 
= met. Of8-shot pu'se output with selectable jen ty 


Sfferental inputs. Solt-calbrated, 12-bit 


Olo<085mV HighLewalsm tnp-pomistoreachinpul. $84 


4 Gutpute that span -10 to +10 voks usi 


12-bit DAC Built-in 


We calibveied user so-sciable POR dafauits for each channel. $79 


vy Gnves au npolarsteppcr motor rated up 
igraled S-curve accal/dacel profi'es provide 
top moton. Software programmablo 


24-Diabsto'uts motcrposition counter, $59 
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infer/Timer - Read treque fram 


O00 Hz fo 1,£00,006 Hz using floating 


mal po.nt and Stat resaiutian 
througrout range. HMaesura 
penod. APM. duty cyc'a, pulse 
In? velocily af a p: tile 

ivng A paral inp wires. 24-bil 
jula@ Coun! accurnuiator. s69 
luiti-Drop Peripheral Iniertace 
meet a thitd-pariy AS-232 
il guch a" a barcode scanner, 
Sifipa reader. farca gage, 

slef alc, orto the mult-drop bus, 
ike convartad 122-byie butler, S59 


Electro Mavin 


Great Buys - Great Products - Great Gadgets 


Check Out Our Great WebSite at 


http://mavin.com 


For Computer Items, Hobbiest Projects, 
Microwave Goodies and Some of the 
Greatest Prices on the Web.... 


800-421-2442 or FAX 310-632-3557 
E-Mail 
john@mavin.com or sean@mavin.com 


Build The 
Tw Eq, KO! 


ot every musician wants to 
learn to build equipment, 
but to those who do, the 
| reward of “owning their 
own tone” offers tremendous satis- 
faction : 
This article is directed to quitar 
players who have considered build- 
ing their own stomp boxes, but wha 
need an “entry-level” project appro- 
priate for a complete newcomer to 
electronics. | looked for a circuit that 
would: 


- Be simple, using no more than 
one transistor 

+ Still create sounds useful to a 
gigging musician 

+ Use only very readily-available 
components. 

- Require only basic hand tools and 
no test equipment to build. 


The Tweak-O is an overdrive 
pedal with adjustable clipping. The 
circuit was develaped by Joe 
Davisson, who is a well-known con: 
tributor to the guitar effects mes- 
sage boards. It is similar in design to 


a number of other one-transistor 
boost/distortion pedals, but it offers 
temarkably good sound for some- 
thing so simple. 

I will start with some technical 
background and give you references 
for learning things | don't cover fully 
here — like reading schematics and 
soldering. Then I'll walk you through 
building the Tweak-O and getting it 
working. This wan't be a toy: the 
construction methods will be the 
same as those used in many com- 
mercial and boutique pedals. 

All of the components are avail- 
able either from RadioShack or by 
mail order, or you can get a com- 
plete kit from the source in the 
Parts List. 

| expect that some experienced 
hobbyists will be disappointed that | 
did not include features like pull- 
down resistors, an in-use LED, and a 
DC power jack. Also, | know that 
many, many modifications and addi- 
tions to the Tweak-O are possible. 
Realize that | had to make some 
design choices, and that ane of 
those was to keep the component 


The Tweak-O - Schematic 


i C2 
001 mfd. 


2. The schematic of the Tweak-O. It's a onetransistor amplifier with diodes 


Cc& 
2.2 mtd. 


AL 


that “clip” the quitar signal. 


count — and so the complexity — to 
an absolute minimum. 

Anyone who builds the Tweak- 
O successfully will have learned 
enough to tackle a more complicat- 
ed pedal, and maybe even enough 
to modify the Tweak-O to taste. 


Tools And Materials 


You'll need a 25- to 35-watt sol- 


dering iron, rosin-core solder, and 
cleaning sponge and some other 
basics: 


Small screwdriver(s) 

Small diagonal pliers and cutters 
Small locking-grip ("vise-grip”) 
plier 

X-acto™ knife 

Self-locking tweezers or other 
“third hand” 

Small alligator clip 

Colored pencil or highlighter felt- 
tip marker 

Electric drill and twist drills from 
1/16" to 1/4" {a Dremel tool is 
also very helpful) 

+ Tapered reamer 

- Same small round 
and flat files 

+ A pointed steel 
“pick” or scratch awl 
+ De-saldering braid 
(RadioShack p/n 64- 
20908) 

+ Mixing cup, stirrer, 
and brush far epoxy 
sealer 


Resistor 


Transistor 


Mono Jack 


Ring | 


Adjustable Resistar or 
Potentiometer (‘Pot") 


Diode 


Stereo Jack 


J Ts 


by Steve Daniels 


hd 


1. The finished pedal. It’s not too 
hard to get a very professional 
appearance! 


For finishing the case, you'll 
need: 


+ 220-grit and 400-grit (or ' 
finer) carborundum paper 

+ Acetone, denatured alcohol 

« Spray primer and enamel 

+ Clear adhesive label stock ‘ 

+ Quick-setting epoxy glue 

+ Epoxy sealer 


Reading A Schematic 


You don't have to understand 
or be able to interpret a schematic 
in order to build the tweak-O. But 
it’s a good idea to at least take a 
look, so I'll give you a running start 
on the learning curve. The refer- 
ences at the end of this article will 
take you further. See Figure 2. 

A schematic may took like an 
abstract painting, but well-drawn 
ones have a consistent logic once 
you learn what the symbols mean. 
Every symbol represents a compo- 
nent and the symbols are interna- 
tionally recognized; the symbol for 
a resistor is the same in the US 
as it is in the smallest factory in 
the Far East. The 
straight lines repre- 
sent component 
leads or connections 


Capacitor (Electrolytic 
types Gre polarized) 


Double-pole Double-throw 
Stomp Swatch 


Battery 
jit 


3. Schematic symbols. 
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(Sleeve)Top4  Connect_, J _s>—— (Tip) To E7 


Together 
(Ring) Ta A-30 Ta R-? — ToE-? (Ring) To W¥-10 
ip) TORT To F-3 Ta C-25 aS, 


Top View of Stomp Switch 


4. The layout of the Tweak-O board. The letter-number caordinates refer to the perfboard. 


5. This RadioShack perfboard is indexed so that 6. The board will mount on threaded studs later. 
points in the circuit can be located easily. Using a pick or awl, scratch the lacations for the 
studs and the battery clip now. 


8. Push down in the slot, and you will 
feel the flea clip “snap” into place. 


?. A “flea” clip. Squeeze 
the bottom slightiy and 
it will go into its hole 
mare easily. 


between components, and the ! The symbol means “ground” or | connected together. Ground is the 
heavy dots indicate where compco- “cammon.” In this case, ground | point from which all voltages are 
nent leads join. Only a few compo- does not mean a connection to the measured. 
nent types are used in the Tweak-O. | earth itself; it just means that all the _ Every component type has a 
See Figure 3. / points that show this symbol are ! designating letter, and individual 
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components are numbered for 
identification; so, resistors are 
always “R" and capacitors are 
always “C,” for example. 
Transistors are always “Q.” This 
system makes it easy to locate, 
for example, “the junction of the 
emitter ("E") of Q1. the positive 
side of C5, and R4." 

A schematic shows the logical 
relationships between compo- 
nents, but it doesn't necessarily 
show physical relationships — 
where components are mounted 
in relation to each other. Once a 
circuit has been proven to work, a 
designer's first job is to translate 
the schematic to a suitable layout 
on a chassis or circuit board. | 
have done this and the layout in 
Figure 4 is the drawing from 
which we will build. 

This layout drawing is about 
1-1/2 times actual size. Because 
I'm teaching, | made it larger 
than { usually would. Also, | was 
more than usually generous with 
space between components, But 
in all other respects, it represents 
the way a professional might wire 
a prototype. The drawing shows 
outline views of the components 
in heavy lines, and it shows haw 
they connect to each other in 
gray lines. 

The connecting lines are in 
“X-Ray” view; that's to say that 
you are seeing directly the com- 

ponents on the top of a circuit 
board, and seeing the connecting 
wires through the board. If this isn't 
clear right now, it will be when we 
start to wire. 

At this point, you might want 
to start getting familiar with the 
components you've bought by 
matching and locking at them 
against both the schematic symbols 
and the layout drawing. The refer- 
ences at the end will give you more 
information about recagnizing com- 
ponents and reading values and 
color codes. You can also email me 
at smallbearelec@ix.netcom.com 
with specific questions. 


Construction Methods — 
Using Perfboard 


Perforated circuit board — or 
perfboard as it is commonly called 
— is a convenient material for build- 
ing a hand-wired prototype 

Components are mounted on 
push-in terminals that are inserted 
through the holes in the board. 
Connections are made on the oppo- 
site side with short lengths of bare 
wire. (More experienced hobbyists 
will probably prefer to insert compo- 
nent leads directly into the board, 
but | recommend push-in terminals 
for first-time builders.) 

Perfboard can be purchased as 
a large sheet and cut down, or ina 
variety of pre-cut sizes. RadioShack 
offers a piece of perfboard — p/n 
276-1588 — with copper-clad, pre- 
drilled mounting holes, that is a very 
good size for building stomp boxes. 


Both sides of the board are indexed. 
If you look at Figure 5, you'll see 
that every one of the 750 pre- 
punched holes in the board can be 
identified by a letter-and-number 
coordinate. | use the indexing on 
the board to refer to the position of 
every terminal in the layout draw- 
ing. You can locate the components 
and do the wiring “by the num- 
bers.” Are you ready to build? 

Let's gol 

One thing to do before putting 
terminals in the board is to use it as 
a template to mark on the lid of the 
case the places where we will later 
glue mounting studs and the bat- 
tery clip. Figure 6 shows how to do 
this with a scribe or scratch-awl. 

Begin by inserting the push-in 
terminals (old-timers knew these as 
“flea clips") for capacitor C4 at loca- 
tions V-2 and V-9. | have found that 
the terminals go in easily if you 
squeeze the bottom just a little with 
diagonal pliers (Figure 7) and then 
push down firmly but gently in the 
top slot with the edge of a small 
screwdriver (Figure 8). Squeeze the 
top flanges together a little bit so 
that a wire inserted between them 
will be held gently in place. 

Cut the leads of the capacitor 
down to 5/16” long, and bend 
them to right angles. The bend 
starts about 1/16” from the body of 
the part. Insert the capacitor 
between the terminals, and solder 
in between the flanges. The result is ea! J 


sean ee ice general eS O- Rejele) \a 
cistaisietel eleiclisiele 


10. Using an alligator clip as heatsink whan 
soldering semiconductors. 


12. Let the solder flow over and around ne pin, 


TTT. 8s 
snnoooon. 
nooooooo. 
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9 ol efelelels[efelelee by) 


method to mount all of the other 
components. The leads of the resis- 
tors and the diades don't have to 
be bent; just cut them off. The 
order in which | mounted the com- 
ponents was: C4, R2, Ri, C1, C2, 
R6, C3, QI, C6, R5, D1, D2, C7, C5, 
and R4. 

A few suggestions for this part 
of the job: 


tele elerelelelelelolele 
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14. Lay the next segment, just as though you were 
laying pipe! 


* Insert the terminals with their 
flanges facing toward each other, 
and leave five holes between termi- 
nals for the resistors and six for the 
capacitors (eight for C5). As you 
can see in Figure 17, this made for 
a clean, but comfortable layout. 

* If you make a mistake and 
need to reposition a terminal, push 
it out from the bottom of the board 
with the blunt end of a plastic or 
metal rod. Then reinsert it. 

* Save the pieces of wire that 
you cut off from the components. 
We'll make use of these later when 
wiring on the opposite side of the 
board. 

* Modern transistors and 
diodes are reasonably tolerant of 
soldering heat, but it still pays to be 
careful. As shown in Figure 10, use 
an alligator clip as a heatsink on 
each lead of these devices. 

* Be careful to orient correctly 
the transistor, the diodes, and the | 
electrolytic capacitor C5. If you need 
to, refer to the photo of the finished 
board, Figure 17. 


16. Here's the whole solder side of the 
board. In some cases, it is acceptable 
to let solder flaw between pads ta 
create a “bridge.” The list of connec- 
tions indicates where you can do this. 


board connections: R-1, P-1, N-1, F- 
3, R-7, E-7, W-10, G25, T-28, R-28, 


Ant 


Once all of the components are | P-28, F-28, D-28, |-30, and A30. 
mounted, insert the pins for the off: { Now you can wire the connec: 
| tions on the “solder side” of the 
| board. | began by connecting one 


9. The first capacitor inserted and 
soldered in place. 


276-1588 
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13. Make the bend so that the free anil just 
butts against the terminal ta which it is going. 
Don't wrap around! 


feleloll| 


celeletbres i 


15. This is what the first complete segment looks like 


when it's done. 


| side of capacitor C4 to one side of 
; fesistor R2 and one side of resistor 

| R1. In the layout drawing, these are 
| points V-2, T-3, and P-3. 
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17. The complete board before any of 
the off-board parts are added. 


connections. 


19. Use drilling templates, and use an awl 
or pick to create indents where the holes 


Ca tweezers. Solder so that 


the pad is filled. See Figure 11 and 
Figure 12. 

Now use diagonal pliers to 
bend the free end toward point T-3. 
As though you were bending pipe, 
allow for the radius of the curve in 
the wire when you bend it. See 
Figure 13. Now cut a length of wire 
just over three pads long to go from 
T-3 to P-3, and hald it in place. See 
Figure 14. Solder at T-3 and P-3, 
and the result looks like Figure 15. 

This is the basic technique. In 
most cases, you should use as little 
solder as needed to fill the pad 
where you are soldering. However, 
to connect two or more adjacent 
pads, it is acceptable to flow solder 
between them to create a “solder 
bridge.” | have noted in the list of 
connections those places where you 
can do this. Each time you solder a 
connection, mark it off in the layout 
drawing using a colored pencil or 
highlighter. 


21.1 use a dental pick ta 
position each decal. 


This is the point at which you 
have to start thinking like a 
plumber. Cut a piece of wire just 
over two pads long to connect V-2 
to T-3. Butt one end against pin V-2 
and hald it down with the locking 


Where To Find Help And Information 


Far articles an constructian and design techniques that apply generally to build- 
wg electraric equipment, the magazine in your hands is super! ithe don't subscribe 
ta Nuts & Volts ;et. you should. 

Ther there are the on-'ne resources. One of the best effects web sites in the on- 
med, appraprately, the Guitar Effects-Oriented Web Site, or GEO to 
The guy vho tuns it, R G. Keen, is ¢ most knowledgeable engineer 
=: talent to developing both clones of classic effects and creative 
ea,8 (9 Jenesrate cas nes When | chose to return to the hobby of my teenage 
ies, Ke®s Was generous wr ansvvenng questians and helping me to get the mental 

crank] again V/V) GEOFEX COM 13 one amazing resource. 

Por apie s to exchange deas wth other interested people, check cut Aron 
“Nelson (w.d4.ampage.crg and fallow the link). While it's a begin 
mber of very kooviedgeabie people regularly post and answer 
G Fas great sections on nis site that deal with beginner 
. 'eo's and terkriques, as well as ane of the best archives of 
orld, 


ce ly. | picked up hebby electronics again after many years 
PF hog ms og a: a technical wnter. Tne nse cf online commerce has allowed 
1) ar, Boones arc pleature, at.d i now cperate a “general store” for stornp 
; as some arigind! and vintage pedal designs, and a 
"of Sail Bear Electronics is at 
rmatbearatoc, 
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18. The board with all of the off-board 


20. The box should look like this 
when the hales are drilled. 


In general, don't 
wrap a connecting 
wire around a termi- 
nal. It isn’t just unnec- 
essary; it wastes 
space. In the places 
where the layout is 
tight, this may cause a 
short. Be careful to 
cut the terminating 
end to such length as 
the wire just butts 
against the terminal 
to which it is going. If 
you make a mistake, 
mop the solder fram 
the joint(s) using the 
de-soldering braid, 
remove wire or com- 
ponents as necessary, 
and re-think before 
you solder again. 

Here is a list of 
connections, with 
some notes where | 
think they may be 
helpful: 


P-1 to N-1 Connect 
these with a solder 
bridge. 

K-2 to H-2 to F-3 

R-1 to Y-23 to W-24 | did this in 
sections rather than with a 
bend. Cut a piece that will go 
from R-1 to ¥-1 and salder at R- 
1. Cut and fit the piece fram Y- 
1 to Y-23 and solder at Y-1. 
Then solder bridge from W-24 
to Y-23. 

W-10 to V-9 to H-9 This starts the 
ground fine. Lay and bend the 
segment from V-9 to H-9 (run it 
in column 6) and solder at V-9. 
Apply solder at N-6 to hold it in 
place. | will refer to this proce. 
dure as “tacking” a connection. 
Salder bridge from V-9 to W-10. 

H-9 to E-24 Continues the ground 
line. Route as shown in the lay- 
out and tack it at the bends: A- 
9, A-19, M-19, M-24. You can 
use individual segments or bend 
wire as you like. 

T-9 to T-28 to R-28 Solder bridge 
from T-28 to R-28. 

F-13 to W-13 Tack to the wire cross- 
ing at T-13 

P-9 to K-9 to D-13 Cut a wire nine 
pads long and solder it at P-9. 
Bend it to run in column 11 and 
butt to K-9. Lay the wire from 
K-9 to D-13 and solder at K-9. 

D-13 to K-17 Run in column 15. 

B-13 to E-18 to G-17 Solder bridge 
E-18 to G-17. 

R-17 to Q-19 to 0-19 Q-19 to 0-19 
is a solder bridge. 

0-25 to Q-25 to P-28 Cut a lead to 
fit in row P between P-28 and 
the middle of the path from O- 
25 to Q-25. Solder at P-28 and 
solder bridge 0-25 to Q-25 

K-28 to W-30 to W-19 to Y-30 Lay 
the wire fram K-28 to W-30 and 
solder at K-28. Lay a wire from 
V-30 to V-19. Solder bridge 
from Y-30 to V-30. Solder 
bridge from W-19 to V-19. 

1-30 to A-30 


G-24 to G-26 to G-30 Cut a wire 3- 
1/4 pads long and lay it from 
G-30 to G-26. Tack it ta the 
wire crossing G-30. Solder 
bridge from G-76 ta G-24. 

C25 to F-28 

D-28 to K-21 


The finished solder side of the 
board is shown in Figure 16. 


When you are done with the 
connections between components, 
make the connections that go to 
the off-board parts — the pots, 
jacks, battery, and switch. Refer to 
the layout drawing and Figure 18, 
and be sure to orient the parts as 
shown in the layout drawing when 
you are figuring out which lead 
goes where. 

The connections to the input 
jack, in particular, are often confus- 
ing to beginners. The one in the 
phatograph is a Switcheraft #128, 
which comes with the kit; other 
brands may not look quite the same 
mechanically, so make sure that you 
knaw which contact is tip, ring, and 
sleeve. Mark off each connection in 
the layout drawing as you finish it. 

When the off-board connec: 
tions are done, the board is finished 
and ready for testing. 


Fire It Up! 


Attach the snap to a nine-volt 
battery, plug your amp into 12 and 
a guitar into J1. Like other modern 
effects, the Tweak-O turns on 
power by switching the battery 
through the sleeve of the input jack. 
Turn both controls to mid-range. If 
you don't hear some buzzy distor- 
tion, push S1. If you have done 
everything right, you'll notice the 
boost clearly. Try increasing the dis- 
tartion. The volume goes down nat- 
urally with the clipping level in this 
kind of circuit, but there’s enough 
reserve in the level control to com- 
pensate as needed. Gat the effect? 
Congratulations! 


Troubleshooting 


If you are having trouble, trust 
me, it IS a wiring error. Don't panic, 
and don’t give up. Everyone who 
has ever built a pedal has been 
through this, and the cure is the 
same. Put down your tools, go take 
a shower (since we know you 
haven't taken one for several days 
because you just had to finish this 
thing), and patiently go over all your 
connections from the beginning: 
you will find the mistake. If you 
need to talk out problems, email me 
Or post on the Stompbox Forum list- 
ed in the References. 


Tooling The Case 


Once you have a working 
effect, you get to build a home for 
it. This is actually harder than build- 
ing the board, but it's the most fun 
ance you learn the techniques 


involved. 

The most common type of 
enclosure for effects is a cast alu- 
minum box with a screw-on lid. 
Many sizes of these are available 
commercially, but the most practical 
for many effects is made by 
Hammond, their model 1590-BB. 
Eddystone — Hammond's European 
subsidiary ~ makes one that is 
almost identical. These boxes are 
available from many distributors 
here and abroad, or as part of the 
kit. 

The most important step in 
tooling your box is locating the 
holes for the switch, controls, and 
jacks such that these components 
will fit in and around the board. It's 
very frustrating to be putting an 
effect together and finding that the 
stomp switch is trying to occupy the 
same physical space as a capacitor. 
Fortunately for you, I've done all of 
the planning. If you use the speci- 
fied box and the drilling templates 
that are available on my web site, 
you'll find that the Tweak-O goes 
together just like a jigsaw puzzle. 
Take a look at Figure 19. 

With a good, sharp scissor, cut 
out the cover template. Attach a 
couple of pieces of thin, double 
sided tape to the box, and carefully 
center the template to the cover. 
Now use a scribe or scratch-awl to 
put a small dent at the center mark 
of the hole for the stomp switch. 
Drill a pilot hole with a 1/8” bit, 
enlarge the hole with a 1/4” bit, } 
and then use a tapered reamer to 
slowly bring the hole to its final size. 
Follow the same procedure far the 
other holes in the cover, and then { 
the holes on the sides. De-burr all of 
the holes with a small, round file. 
Remove all of the templates and 
tape, and the result is shown in 


—. 


25. Once the epoxy has set, add a 
little more around each stud. 


enamel. Follow the manu- 
facturer’s directions 
respecting temp and 
humidity, spraying dis- 
tance, and drying times 
between coats. One tip 
that | saw on a message 
board that seems to help 
prevent bubbles in the fin- 


Figure 20 ish: Before you spray, run 
a hair dryer set on high 
Painting over the surface for a 


minute or so. 

Like a car body, your 
box has to be baked to 
boil out the solvents in the 
paint and leave a hard fin- 
ish. The next time you see 
a yard sale, find a toaster- 
oven that has a temperature set- 
ting; someone is always getting rid 
of one of these. Bake the pieces of 
the box at 150 degrees for one 
hour and then let them come down 
to room temp. 


There are many “best” methods 
for preparing a metal surface and 
putting down a baked-enamel fin- 
ish. But the ones I’ve seen all agree 
on at least one point: the surface to 
be painted has to be operating 
room clean; no oxidation, no 
grease, no dirt. So, using carborun- 
dum paper, thoroughly sand the sur- 
face to a uniform smoothness, and 
then clean up every bit of residue 
with a rag wetted with acetone. 
You'll know when the surface is 
clean when a fresh rag comes away 
with no more grit on it. (CAUTION: 
Acetone is extremely flammable 
and its vapors are toxic. Read 
and follow the precautions on 

an! 
as fe the surface is clean, don’t 
touch it! The oil from your fingers is 
enough to keep paint from adher- 
ing. When moving the pieces, pick 
them up from the underside. 

Painting a stomp box is like 
painting a car. | put down a sand- 
able, spray auto-body primer and 
then followed with two coats of 


Decorating 


Experienced pedal builders use 
a made-for-the-purpose decal stock 
that can be bought from mail-order 
sources. The method | suggest here 
isn't as sophisticated, but it is easier 
technically and uses materials more 
likely to be found locally. 

Using an ordinary inkjet printer, 
| printed the designs you see on the 
model on Avery #8665 clear adhe 
sive label stock. Set your printer for 
the greatest possible density, and 
the resulting images and lettering 


23. (Carefully!) Use an X-acto 
knife to cut away the excess 
coating material once 

it is hardened. 


27. To stick well, rubber feet prefer a 
clean, smooth surface to attach to. 


“ft 


22. An epoxy sealer gives a clear, hard finish that 


will resist beer and soda spills. 


will show up well on any light- 
colored paint. My own tastes in 
designs are a little conservative, 
but feel free to let your awn imagi- 
nation run riot. 

Use a sharp scissor to cut out 
your decals and, as shown in Figure 
21, use a flatted dental pick to posi- 
tion them before smoothing them 
down. | put the knobs in pasition 
just to make sure that | was leaving 
enough room for them to clear the 
decals. 


Put Down A Top Coat 


See Figure 22. Good hardware 
stores sell a two-part epoxy sealer 
that dries clear and hard. The direc- 
tions that come with the bottles 
give a lot of useful how-to informa- 
tion, so read thoroughly before you 


26. Cut the locating tabs off the 
potentiometers and get ready to 
put the pedal together. 


do anything you regret! It also isn't 
unreasonable to try a test run on 
something you can thraw away. 

When you are ready, prop the 
box on a support as shown, mix 
(thoroughly!) 1-1/2 ounces of the 
sealer, and pour and brush it on. | 
coated the lid of the box separately 
for photographic reasons, but you 
can do both pieces at the same 
time. The ounce-and-a-half of mate. 
tial is enough. 

When the epoxy has fully cured, 
use an X-acto knife to slice away the 
coating on the edges af the box 
and from the insides of the holes 
as shown in Figure 23. Be sure that 
the halves of the box fit together 
cleanly. 
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Personal Oscilloscope 


20 MSals Pen-Type Oscilloscope 
stand-alone or connects to your PC 


k< Formetiea 
tthe Year 


world-wide smallest portable oscilloscope — Made in Germany 


Now, carefully, fit the case 
together. You'll have to 
push the connecting wires 
around a little ta do this. 
Secure the screws, and 
press the rubber feet onto 
the bottom. To get the 
best adhesion, clean the 
area where you put these 
down with a little alcohol 
(Figure 27). 

Add knobs to the 
contrals, and try out your 
pedal. If it works, CON- 
GRATULATIONS! If you 
have problems at this point, it's 
almost always because something is 
shorting inside or a wire has broken 
Time to open up again and look for 
the problem. Sometimes you have 
to find the problem by connecting 
your guitar and amp to the effect 
with the case open and listening to 
the amp while you close the case 
carefully. In this way, you may see 
or feel what is causing the sound ta 
change or go away. In my proto- 
type, | had to rotate the output jack 
so that the flange that contacts the 
tip of the guitar plug could bend to 
the side rather than up (and short 
to the case). 


28. If you want to try out ideas, use a 
breadboard like this. 


Putting It All Together 


Remember that the first thing 
you did was mark the locations on 
the lid where the board and the bat- 
tery clip would be secured? Sand 
each of these points shiny, and 
clean up with acetone. Be very care- 
ful not to let any of the solvent get 
‘on the painted outer surface. With a 
4-40 x 1/4" screw, secure a thread- 
ed spacer in each mounting hole of | 
the board. See Figure 24. Sand or 
wire-brush the bottom and sides of 
each spacer and clean up with ace- 
tone, and do the same to the bot- 
tom and top surfaces of the battery 


Per-Type Oscilloscnpe V5.0 2000, 
supplied items: PC-Software with 
Operatar's Manual on 3.5" disk, Serial 
PC-interface cable (&ft), Extemal Trigger 
Cable with dip, Ground Cable with clip, 


| Cabl 
wah Aligateedies USS 99.99 


clip. If you have it, a Dremel tool 
with a small wire brush is excellent 
for this job. Mix some quick-setting 
epoxy, apply a small amount ta the 
bottom of each spacer, and careful- 
ly set the board in place on the lid. 
Hald it in place till the epoxy sets. 
Mix some mare epoxy and cement 
the battery clip in place. When the 
bonds are solid, remove the screws 
and add additional glue around 
each spacer. See Figure 25. 
Assemble the pedal. Remove 
the mounting hardware from the 
controls and jacks, and cut the 


Palm Software includes Git Serial Cable 
USS 8.95 (Option), for Palm OS3.5 


Battery PowerPack includes two AA- 
size batteries US$ 9.99 (Option) up to Bh 
continuaus operation, typical alkaline 


Add shipment and handling cost total 
US$ 9.99. Delivered by Express Service 
within 5 days, anywhere in the U.S. and 
Canada. 


Developed by Wittig Technologies AG 

Sales (316) 734 4080 of Tollfree (800) 247 1241 
Fax (516) 794 1855 

sales@wittigtechnologies.com 

Technical Support available by e-mail of fax only. 
support@wittigtechnolagies com 

Ail trademaries belang to theis respective owners 


It's Great, But I'd Like It To 
Sound More ... 


There are many changes that 
you can try, but it’s best to do this 
kind of experimenting on a proto- 
type breadboard. Figure 28 shows 
one that is available at your local 
RadioShack for about $20.00. Buy 
another set of components (costs 
beans because you don't need the 
box or the switch) and you can fid- 
dle to your heart's content. Try cif- 
ferent capacitor values and different 


= 
a 
a 


Software MS-DOS/ Windows 3.1/95/98 
compatible Mew csittigt 


Parts List/Bill Of Materials For The Tweak-O 


RadioShack Mouser 
Fixed resistors are 1/4 watt. 5% tolerance, carbon film or 
composition 
R1, R2- 1 megohm 271-1356 291-1M 
R3 - SOOK linear taper 
potentiometer 900-7912 31VA601 
R4.R5- 2.2K 271-1325 291-2.2K 
RG - 10K 271-1335 291-10K 
R7 - 100K audio taper 
potentiometer 71-1722 31VJ501 
Capacitors 
C1. C3-.1 mfd. poly-flm or mylar 272-1069 146-250V.1K 
C2 - .001 mfd. poly-film or mylar 900-2241 1432-2102 
C4, C6, C7 - 01 mfd. poly-film 
or mylar 272-1065 146250V.01K 
C5 - 2.2 mfd. 16-volt axial 
electrolytic 140-XAL16V2.2 
D1, D2 - 1N4001 silicon diode 276-1101 625-1N4001 
Ot . 2N3904 ov similar NPN silican 
transistor 276-1617 625-2N3904 


41 Stereo Jack, Switchcraft #128 or similar 


274-312 502-128 
J2 - Mono Jack, Switcheraft #11 or similar 


274-252 502-11 
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locating tabs off from the poten- 
tiometers (Figure 26). Install a bat- 
tery, and fit the pots, jacks, and 
switch in place. Screw on the 
mounting hardware finger-tight, 
and then tighten the nuts with a 
locking-grip plier or socket wrench. 


diodes; in particular, using germani- 
um diodes instead of silicons pro- 
duces a different effect. Another 
thing to try is removing the diode 
loop from the circuit entirely and 
seeing how you like the Tweak-O as 
a flat boost. Yes, you can put a sim- 
ple switch in the diode loop so 
that you can switch between 
flat boost and distortion. A 
footswitch for this? Certainly, 
but you might want to plan a 
new layout — minus flea clips 


ologie 


SI OPDT alternate-action switch, Carling 316-PP or similar 
{available from Small Bear Electronics) 
81 - Ninevolt transistor radio battery 


i Cast-aluminum box, Hammond 1590BB 


or similar 546-159 — that leaves enough room for 
one Bee os BN Sree a second stomp switch. Are 
‘ertorates enolic Boare iT i 
50 Pushin terminals §74-742-1/C you getting she itch 10 ee 
2 Knobs for 1/4” shaft 74-415 5164-1510 another pedal? Careful, they're 
4 440 x 1/4"" threaded spacers 910-3018 534-1891 like peanuts! 
4 4-40 « 1/4” screws 64-3011 — 5721-440-1/4 I hope you enjoy building 
1 Ninevolt battery snap 270-325 =123-6008 the Tweak-O. and | welcome 
1 Nine-volt battery clip 270326 534-080 : t 
4 Rubber Feet 64.2342 51751-5023 Se ere ica ae 
Tinned hare connecting wire 278-1341 602-299/1.100 —-SMallbearelec@ix,netcom.com. 
422 or 424 stranded hook-up N 
wire 278-1224 602-3050-100-xx 


The Carling stomp switch is available for $9.00 plus $.50 postage 
in the US. A complete kit containing all of the above except for 
the battery is available for $39.95 plus $4.00 shipping in the US, 
Checks or money orders to: Small Bear Electronics, 123 Seventh 
Avenue #156, Brooklyn, NY 11215. Or PayPal to smallbearelec 
@ix.netcam.com. Rates for overseas shipping and prices af individ. 
uai parts can be found online at http://home.netcom.com/~ 
smallbearelec. 


NEW DUAL-BAND 
CELLULAR CAR 
ANTENNAS 


ERK Technologies has 
expanded their popular 
line of cellular car anten- 
nas. 

TERK's new cellular 
antennas — which are 
designed to maximice ee P 
formance of — fixed-installation an adhesive backin; 
hands-free kits — all feature dual mounted on either ie cones aiid 
band frequencies for compatibility front or rear windshield, or in any of 
with most service providers. the windshields’ comers. as close ta 

The full-line of cellular antennas the top of the glass as possible for 
are dual band for PCS and AMPS optimum reception. The MSRP is 
| frequencies ea are Feet and $64.95. 
easily mountable. All necessary CFR-905. built with 
parts, including 16-1/2 fect of pre- tapering design. The CHR 30E ee 
terminated coaxial cable with an 3.5” whip which starts at a thicker 
FME connector and a mini-UHF base for added strength, but nar- | 
adapter (depending on your style of rows al the top to reduce wind resis- | 
phone) are included. Each unit, tance. The CFR-905 is both side and | 
except the CFR-903, is exterior tear-window mountable, and tie 
mountable, with a through-glass whip can be unscrewed for auto- 4 
coupling box and cable connections malic carwashes. The antenna‘s 


3 nies oe 
ETHERG CONTROLLER 


e2adl 9K microsystems, Inc., unveils the new 

Ether6 controller. Idea! for applications 
[requiring multiple serial ports. Eiiemet 
connectivity and control, the Etheré 
packs a DOS-based computer, 10BASE- 
‘1. six serial ports, optional 10BASE-2, 
and many other features all into a rugged. 
aluminum enclosure. 

Based on the powerful Inte! 386Ex 
processor, the Elncr6 builds an JK 
microsystems solid foundation of robust 
embedded microcomputers with Ethernet 
capability. PC-compatible serial ports with make the Ether6 ideal for many embed- F 
unique interrupts and FIFO's increase ded designs. ' 
data throughput. Onboard NE2000-cam- Pricing for the Etheré starts at j 
patible Ethernet connects directly to $369.00, with aggressive discounts for | 
existing networks. The optional 10BASE- quantity orders, Development kits, which 
2 Ethernet interface allows the Etheré to include an Ether6 controller, AC adapter. 


' integrate seamlessly into older networks cables, manual. and programming soft- on the interior of the window. Each whi ar 
Mt foul i ip should be positio 
5 without media conversion. ware are priced at only $449.00 each. on tis backed by TERK's three-year 1/2" {rom any pe neds least 3 = 
The Etheré also features a socket for For more infarmation, contact: imited warranty and is currently na for maximum pert anten- 
¢ additional storage using M-Systems shipping. MSRP is $64.95 adie UE 
i DiskOnChip pracucts, the capability of JK MICROSYSTEMS, INC. ‘CFR-903, the most discreet of CFR-906. ideal for an SUV 
vad integrating 2 c lke moder modules, 1403 Se oD Yat the new TERK cellular antennas minivan. The CFR-906 whip Stends 
: is also c i ea J pki pAVIS CA 95616 "| and the only inside mount unit. The over 13” from the antenna footin 
i” Paces, y ates Waethe 530-297-6073 FAK: $30-297-6074 | CFR-903 is a mere 4 inches long to rise above the vehicle's roollint 
“he joards al items such as the pale ha eaedel jest and 3/4" wide. A great fit for any for optimum performa Hd 
watchdog 1 85 serial pont capa- EMAIL: jkmicro@jkmicro.com ; pel nce and to 
SS bility, and iraee fat WEB: ent | consumer looking for a virtually deliver high gain for powerful digital a 
: lity, a voltage regulation = www.jkmicro.com IMM invisible antenna solution, this dis- and analog signals, even in outlying | 


creet antenna is unobtrusive. and areas. The unique tapered desi 
mounts vertically to any plastic or the CFR-906 clon ecuien tae ou 


re ass surface (can be mounted hori- dynamic properties, eliminating Imp 


e~4s — Zontally in strong, signal areas). The wind noise, as well as aad 
Uc NEW A! ? ROCKETS CFR-903 is designed to minimize problems caused by cet : 
size and obtrusiveness without sac- antenna vibration. An exterior glass 
i | ° rificing performance. The MSRP is mount antenna that can be installed [il 
he am: vew Air Burst a 559.99. easily and quickly on  ajeareas I 
Wis, Rockets oo heat, fire, CFR-904, smaller than a com- window, the CFR-906 can be simpl cl 
Se) flame, stor coe batteries, — f| puter_ mouse, with a virtually "no- unscrewed when drivin, through ic 
a) just the pu air. Cir Burst” is profile” design. The CFR-904 anten- carwash. The MSRP is $64.95. 
TR a tradema she William Mark ha is exterior glass mounted and For more information, contact: 
F Corporatio: requires no removal even when h ch 
An artis ig new technology entering a car wash. The CFR-904's CASTER COMMUNICATIONS, INC. 
, 


jow-profile design provides excel- 155 MAIN ST., DEPT. NV 
lent performance while virtually WAKEFIELD, RI 02879 
eliminating the possibility for break- 401-792-7080 

pe or vandalism. The CFR-904 has = WEB: www.castercomm.com 


a: aesint 
1 Lense © 


SH based on ihe sudden force 
released by a popping balloon, 
enables the vockels to be 
launched at five different power 
levels to altitudes of hundreds ot 
feet — clear out of sight - and 
higher than any other non-com- 
bustion rockets on earth! No 
other rocket system can compare for no batteries, no electrical problems. 
ease of use, excitement, and perfor- + Easy to refly — rugged construc- 
mance. tion for immediate relaunch. 


" 


JNT-36XX OPTO INPUT 
MODULE 


- Just a few pumps from any stand- + inexpensive — booster disks cost Works, Inc., announces the 

i up bike pump builds up pressure inthe pennies per flight, not dollars per | #, Madel JNT-36XX Opto Input 

iEge q launcher until the special “booster engine. #|Module. 

© 4 disk" ruptures, releasing the air pres- + Totally fun — for adults and kids ke The Model JNT-36XX is 3 low- F 

= sureina microsecond and accelerating with adult supervision. WSs] cost member of a new family o! : ? 
the rocket. skyward. Combining the \ products that communicate with 3 
white (thin) and red (thick) booster Air Burst Rockets make an ideal hs PCs and other computers over y 

g disks in various combinations gives summer activity. With your own flaor- E Ethernet and Internet networks. 


it provides opto-isolated inputs control, and ‘ ; 
that can be read in an open systems tions. ; measurement! 2ptlas 
environment from any number of Complete specifications are 


| remote sites. available S 
Synchronous or asynchronous gc gl al website at| 


= preater power levels and higher flights. type bike pump you can be flying for ° 
al ee The rockels come in two styles — under 30-00. OF get the delure Pack. 
PP straight and spiral — and can andle age with high-quality bike pump, extra 
a) high acceleration, high speeds, direct rockets, extra booster disks, and an 
| "impact" recovery, and can be used altitude tracker to measure your flights 


' repeatedly. ; — all for under $70.00. D) client/server communication with the i i as 
Perne rugged, lightweight launcher For more information, contact: Bil modules can be with socket level JNT36 Posie ny for the Model 
transports easily, and takes just min- TCP, UDP, or HTTP protocol. For more inf 375.00. 
utes to assemble. : MONDO-TRONICS ‘An embedded HTML control ‘ormation, contact: 
q Because of the serious power PMB-N, 4286 REDWOOD HWY. pane! can be used to view the state of }WorKs, 
£88 involved, Air Burst Rockets should DEPT. NV the inputs over the web. Input range 12328 GLADSTO! bt 
always be flown with adult supervision. SAN RAFAEL, CA 94903 ig OV to 30V. Several configurations a NE AVE. UNIT 1 
What makes Air Burst Rockets so 415-491-4600 of inputs up to 256 points per mod- snMAn le 
cool? FAX: 415-491-4696 ule are available, 818-361-0787 Hee oie 
2 no fre PE at The inoeite replaces intemal PC- EMAIL: paler Hie gE 
. Pek 1 ui c ets.com based plug-in car : in various test, WEB: www.j-werks.com 
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“Enclosed Switching Power Supplies 
— = Single. Dual & Triple Output Models 
Triple Output Supplies 

100W, 5V/12V/-5V As Low as $44.00 
LOO W, SV/12V/-12V As Low as $44.00 


‘Single Output Supplies Dual Output Supplies | 

\(GV, 12, 15V & 25V) 100 W,SV/12V_ As Low as $38.00 ca | |. 
| 25 watt series As Low as $20.55 ea.! 100 W, SV/24V As Low as $38.00 co an 
| 60 watt series As Low as $27.95 ea.! SOW, 5V/24Y As Low as $27.00 ca. 


| 150 watt series As Low as S42.95ea.! Note: These are NOT SURPLUS! 
| 200 watt series As Low as $50.00 ea.? 


\ See Our web site for Details! _ 


Auto-Temp 
Solder Station 
with Ceramle 
Element 

+ Wah Ceramec Heong 


f 


Sinc 


(CCD B&W Board Cameras 
+ ASIC CCD Area image Sensor 
| Extremely Low Power Consumption 
| + 6.5 Lux Adin flinmination 
+ Built-In Electronic Aute Iria fer Auto Light Compensation 
Detailed Specs on the Web 
VM1030PA-B 3¢mmximmx2$em, Pinhole tens, |2¥ 439. any qty. 
VM1020A 30mmsitmmx2émm, Standard tens, 12¥ 139. any qty. 
) VM1035A 42mmad2mmx2Smm, Standard lens, 12¥ with back light compensation ‘49. any qty. 
| VMCB21 44mm 8 Smmalimm, with 6 infrared LEDs, 12¥ '49.™ any qty. 


Ml 
~ 


image Sensor for Long Camera Life 
: in Blectranic Arte Iria fee Auta Light Campensatian 
+ Na Bleeming, Na 


| $0.4 sein Lux iuminatien (RAW), 1 Lux iin tux ituminatian (eotor) 
| VMBLT1020 B&W, 21 mm(D)x5Smm(L) '54.™ any qry. 


VMBLT1020W Baw Weatherproof (no audio). 21 mm{D)x$B.5mm(L) $79." any 


————_ 


COLOR CCD Mini Board Cameras 


+ Low Power Cansumption 
+ 1 Lice Hhunination 
+ Built-in Electronic Auto Iris for Auto 
Light Compensation 
+ internal Synchroniration 
Volta 


+ 400 TV Lines 4 
VM3010PA 33mmz33mmrlamm, Pinhole lens with audio 1129." any qty. 
YM3011-A 45mex40mmuc24mm, Standard lens with audio, single board $99” any qty. 
¥M3010-A 33memt3mmzi2mm, Standard lens with audia $129. any gty. 


new! 


~~ 


DC to AC Power Inverters ! 
150 watt up to 3000 watt models! 


150m modified sine wave:$29.95(G-12-015B)Check Our Low P 
300% madified sine wave:$39.95 (G-12-030) 
180w pore sinc wave:$69.00(G-12-150S) 
| 300w pure sine wave:$109.00(G-12-300S) 
| 800w modified sine wave:$139.00(G-12-800) 
| 1000w modified sine wave:$179.00(G-12-100) 
| 3000w modifed sine wave(phase carrected), 
! (G-12-300),_.._..---$4B9.00 


\ See Our web site for DETAILED Specs! 


Our Mast So, icated DMM We Seid Over 800 tas! Yeor 
| with AS-232 Interface & Software, 3-3/4 Digir, 4000 Count, 
| Auto-Ranging with Analog Bargraph 
* KiType Temperance Probe Included 
foe Logic & Audible Test 
pode Text 


= Trg RMS Mode 
= 10MHs Frequency Counter * Pulte Sal 
+ Tang Mada w th Alarm. Clack, | Poneen 


madd Seco Watch S 
+ Aino Power OFF/Keag ON" Mode 
¥ a ae + Fuxed 204 inp with Warning Mave Delal's 
= Mia. Mas Avg and Rabtva | BOSPOr 
Meda 


PROTEK 506 


Solety Desyn ULITH & DEAL 


= Temperanee Moda (CF) a q = 
CIRCUIT SPECIALISTS, INC. 220 S. Country Club Dr, 


| |- se: 


| 
i}. 
| 


- in Business P 
e171 4 


a 


MAOSEA 32rmmx32mmx28mm, Standard lens |2V, reverse mirror Image feature '49.™ any qty. 


Protek Removable Hard Drive Rack We Sold Over 
2GHz RF For 1DE/Ultra DMA Hard Drives 14.000in 1998! 
Field ‘This product can be ised sath any 3-1/2 IDE hard 

€ dete up 10 I" high. It includes an electron teylock, 

Strength 
Analyzer freprool plastic. Ure thit product 1 protect tensa 


turd drive data ke your hard drive barwaan work, 
and home or even net up diferent inert with their 
oem hard drives that they physically Insert every ti 
they uia 4 PC. Other moduls xealable {rem € $1 
Inciuda RHIG series and RH7O saret, which are 
sntectsea davgn (IDE o# SCSO 
Sea wwe web. tronics com unde: “hard drive and 
i ond pictures. 


Removable Hard Drive Rack with 

Auto Door And Cooling Fan 

+ Aute door on the suet Irame 

+ ABS matenal of ovter Fame Heh 
efficiency cooling bn 

+ Woddende patent pulling huncuon 
handle 

+ CE Approved 

Ceaung tron boro cover 

For IDE interface 

For 1” high 2° HOD 

Not compatible wh cor RMIO A RMI0 

tener. Compatible wir Ow RHI TOE 

model 


“HMR-27 


Details at www. wab-tronicacom 


, 
1 


Mini CCDs (B/W & Color] 

Sensational NEW Design for Small 

Observation Cameras. Smaller and Better! 

+ Ultra Miniature Design 

+ Black & White Versions Only 25mm x 

25mm 

* Color Versions Only 32mm x 32mm 

+ Available In Standard Lens or Pinhole 
tens 

+ All include Pre-Wired Cable Harness for : 

Video & Pawer ] 

12V Regulated Power Supply Required (120mA typles! | 

power consumption) 

0.7 LUX Rating (B/W), 1 LUX (color) 


en 


a 
¥ 
be 


= a 
+ CCD Area Image Sensor for Lang Gamera tite cc ‘eas | 
- Back Light Compensation Circuit ; an J 
| + @uilt-in Electronic Auta iris Lens 7 4 
| ; 
q | YMCW-H114 32mmx32mmxi3omm, Color CCD with standard Ie+ 
| wired cabling for video/audio, 12¥ DC Power "139.2 /4129.%5 arm 
VMCW-H12A 32mma32mmxl?mm, Color CCD with pinhole len. red 
cabling for videolaudio, 12¥ DC Power Input 139.%/'129,"5 or mo 
| VCC-3232 32mm 32mm 110mm, CMOS COLOR, std. tens, sre welt | 
specifications §79.00 / $72.00 5 ar more 
VMPS-71B8A 25rmmx25mmi3omm, BIW CCD with standard lens. p: ed | 


cabling far video/audio, 12¥ DC Power Input $59. {449.5 or more 
VMPS-250A 25mmz25mmx|Smm, BAY ECD with pinhele lens, pre~ 
cabling far video/audio, 12¥ DC Power Input '59.© / 749.5 or more 


d 


8  ————— - 
iy newl O'Scope Offer 
_ BEST 30MHz! ONLY $299! 
DEALS! Say 


OW Offering 
sh Network 
& 


«Dual Channel 
+Dual Trace 
“Vert Trigger 

° T Year C.S.1, Warranty! 
Includes ! oscillascope probe 


Direct TV 


| Great Equipment & Service 
See Our Website for our 


| Incredible Offers ! 
| Also GREAT HDTV Prices! 


Digital Read Out 3Amp Bench Power Supplies 


Available in 0-30 valt & 0-50 volt versions 


High stability digital read-aut bench pawer supplies feacuring constant voltage _ 

and current qutputs.Short-clreuit protection and current limiting protection { 

Is provided. Highly accurate LED accuracy and stable fine regulation 

the 3000 serics the perfect chaice for lab and educational use. y 

Line Regulation; 2x10* *{ma 

LED Accuracy: Voltage +1% +2 digits 
Current £1.5% +2 digits 

Wave Line Noise: SI myrms 

Dimensions: 291mm x 158mm x 136mm 


CSI3003;0-30v0-3amp 1-4/$99.00 5+/$89.00 \9:Q 
CS15003:0-50v0-3amps 1-4 / $129.00 5+/$119.00 ——= 
Bookmark our WEB Site! Many more Power \ 

Supplies are Available. Look Under Test Equipment 


#0SC-1030 


Manufactured for CS! by a leading 
O.E.M, manufacturer. See our website 
far detailed specifications! 


a 


Mesa, AZ 85210 


800.528-1417/480-464-2485/FAX: 480-464-5824 


PROFESSIONAL DISK DUPLICATION 


CLONE, TEST OR REPAIR ANY 
HARD DRIVE $995! 


Www. proworkstation.com 


© SUPPORTS IDE, SCSI, SCA & NOTEBOOK DRIVES 
¢ COPIES AND SERVICES HARD DRIVES 

* PRINTS TEST REPORTS ON YOUR PRINTER 

* DATA RECOVERY MODE BUILT-IN 


Copy entire hard drives with this pro service station. Set up any SCSI of IDE 
drive with your original software. Attach a blank drive and press start. Make 
ipies quickly and easily 
the built-in drive service system to make used drives run like new! 
nate defective sectors, and restore hard deives 10 error-free condition with 
Tory remapping system. Test hard dnves for top reliability using the built- 
ire. Print analysis reports on any standard parallel printer. Ger the 
used by drive repair services. Call today! 


HPS PLAYER 


mu com 


$395! 


ofter mail-in rebate 


wervat FULL #1 


* PLAYS OVER 10,000 SONGS FROM HARD DISK! 

= PLAYS STANDARD ALDIO AND MP3 CDs AND CD-R 
* DOWNLOADS MP3 FROM CD-R TO HARD DRIVE 

® POWER AMPLIFIER DRIVES SPEAKERS DIRECTLY 


MP3 is here! Get high performance digital sound and store over 15,000 songs 
on hard disk Download over 300 songs from a single CD! 

Grab new music from the net. Use your PC to create custom MP3 CDs with just 
the songs you like. Load them to the internal hard drive for realistic, 3-D theater 
sound. Patented digital signal processing gives you crystal clear sound. No PC 
connection 1s required. Connect any sterco system, or ditectly power external 
speakers Get digital sound and room-filling bass. 

The hard drive organizes your music in folders. 1D-3 rags display the title, 
album, and artist on a large LCD. Use the jukebox feature for an entire evening 
of great music. Play songs randomly or in sequence from the internal hard drive. 
Unlike CD changers, the AV certified 25 GB hard drive won't wear out, even 
under continuous use, Call now and try your MP3 player tomorrow! 


0 


CORPORATE SYSTEMS CENTER 
3370 WOODWARD AVE. © SANTA CLARA, CA 95054 
WW.CORPSYS.COM 


408 330-5524 


COPY ANY CD NOW 
NO PC REQUIRED 


wwn.dupeitcom 


from $795! 


* MULTI-FORMAT DUPLICATION - FAST AND EASY! 

© DUAL 8X DRIVES MAKE TWO COPIES AT ONCE 

« INTERNAL 25GB HARD DRIVE STORES IMAGES 

* PRO AUDIO MODEL. HAS SEDIFF AND ANALOG 10 


Instantly copy music and CD-ROM compact discs. Make backup copies of your 
favorite music and software on rugged, permanent CDs. Produce dises quickly 
and economically. Make custom audio CDs with just the songs you like. 

Use our dual drive units to copy two CDs simultancously, or choose the Pro 
Audio model to make crystal clear music CDs from any analog or digital source. 


Dupe-lt copters are totally selfcontained. No additional software or hardware is 
required, Call today for more information! 


PAULTI DRIVE IDE DUPLICATORS 
www. driveduplicators.com from $49 5! 


© COPIES EVERYTHING, PARTITIONS, O/S, THE WORKS! 
© BOTH STANDARD AND ULTRA, FOUR AND SEVEN DRIVE MODELS ARE 
AVAILABLE NOW! 


¢ THE ULTIMATE HIGH SPEED PRODUCTION TOOL FOR SYSTEM BUILDERS 
AND CORPORATE MIS 


Copy entire hard drives with ease. Multi-drive duplicators are an essential tool 
for dealers and system builders. Why spend hous installing and formatting 
drives when you can dupe them instantly? Work like the pros. Get yout own 
multi-drive, stand-alone duplicators today. CSC offers a complete line of four and 
seven drive copiers in both standard and ultra versions. Ultra models transfer 
data faster than any hard drive! Rates of over 1GB per minute are supported. 

Set up any IDE drive with all your original software. Attach blank target drives, 
and press “start”. {t's that easy! You can duplicate four drives in less time than it 
takes to copy anc on a fast PC! Your duplicate drives will be identical, bit-for-bit 
perfect copies, with all the files, partitions, and information on the original drive. 
Building systems is cough enough. Why spend hours installing software? Save 


time. Save money. Call today and let us Fed-X your duplicator for a risk-free 
“evaluation! 


c (J { C, ‘Over 80% of the Fortune 500 depend on CSC products, Shouldn't you? Call today. Most arders ship within 24 hours! Call now for more information and a free Price 
(6 ww % comparison guide. Quantity discounts are available for dealers and system builders. Copyright ws must be observed when duplicating CDs and hard drives, © 2001 CSC. 
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WHAT'S A 
MIcROCONTROLLER? 
TEXT AND PARTS- 242 


We've produced many tutorials 
for our educational program and 
tha only hardware you'll need is 
our BASIC Stamp 2 and a Board 
of Education. Download each of 
our books fo see how easy it Is to 
learn Stamps. 


Boanp OF EpucaTIoN Fuut Kit - $109 
<" The essentials for pursu- 

ing the Parallax Stamps 

in Class program. 


Ideal first experiments with the BASIC Stamp teach you 
simp'e /0 control with LEDs, photoresistor, pushbuttans 
and a servo motor. Circuits are shown in schematic 

and pictorial format. Appropriate for anyone over age 10 
wanting to take their first step into microcontrollers. 


Rosotics! 
TEXT AND PARTS- $119 


Basic ANALOG 
4 AND DIGITAL 
Basic ANALOG 
eanrrtTaTTye TEXT AND PARTS- $39 
an 


ai 


Vaatianage 


With over 12,000 Boe-Bots in use and our fifth-gener- 
ation of this text, you're sure to have fun with pro- 
gramming and robotics. Build a complete robot that 
detects objects with whiskers and infrared, generates 
sound teaches you the basics of program structuring. 


Using an 8-bit A/D, an op-amp. same resistors and 
a few potentiometers, leam the fundamentals of interfac- 
ing analog and digital signals to a BASIC Stamp, Basic 

Analog and Digital also provides well-developed deserip- 
tions of binary counting methods. 


#28156 


EARTH f = a 
PAEASUREMENTS 
TEXT AND PARTS- $6' 


INDUSTRIAL CONTROL * S 
TEXT AND ParTs- $49 


Fundamentals of proportional, integral, derivative contral 
are taught using a mini desktop-heating system. Uses 
StampPlot Lite ta graph data showing temperature and 
heater stalus. Writlen by Professors from Southern Ili- 
nois University. 


Build a desktop model of an environmental datalogger. 
Leam the essentials of interfacing sensors with resistor! 
capacitor circuits, data fogging in the Stamp’s EEPROM 
and structuring programs from the professionals. This 
multidiseiplinary curriculum is the Parallax Pick! 


To ORDER! WWW PARALLAX: 
www CLASSIC 

FR 

BASIC Sty 
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